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PRINCIPLES AND PRACTICE OF 


WAR SURGERY 


by J. TRUETA, M.D. 


Formerly Director of Surgery, General Hospital of Catalonia, 
University of Barcelona; Assistant Surgeon (E.M.S.) Wing- 
field-Morris Orthopaedic Hospital; Acting Surgeon-in-Charge, 
Accident Service, Radcliffe Infirmary, Oxford. 425 pages, 144 
illustrations. PRICE, $6.50. 


5-Point TRUETA Technic 


1. Prompt surgical treatment. 


2. Cleansing of the wound. 


*3. Excision of the wound. 


4. Provision of drainage: 


*5. Immobilization in a plaster-of-Paris 
cast. 


Listed above are the five essential principles in the biological treatment of 
wounds as formulated by Trueta, each and every one of which must be applied 
to ensure the greatest possible success. 


In this new book “PRINCIPLES AND PRACTICE OF WAR SURGERY,” 
Trueta sets forth in complete detail these procedures which he has adopted 
as a result of his experience in the Spanish War and in World War II. 
However the book is not confined to these methods alone, but deals fully 
with such important subjects as shock, transfusion, aerobic and anaerobic 
infections, including gas gangrene and tetanus, chemotherapy, antiseptics, 
anesthesia, skin grafting, amputation, and treatment of burns. 


) Graphic illustrations such as those reproduced here supplement the text 
matter, supplying step-by-step visual guidance. You won’t want to miss 
having this authoritative text. Send for it today! 


The C. V. Mosby Company MJ 
3525 Pine Blvd., St. Louis, Mo. 


Gentlemen: Send me a copy of Trueta—Principles and Practice of War Surgery. 
Price, $6.50. 


..--Attached is my check. _..-Charge my account. 
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SAFER than non-boilable catgut because heat-sterilized after the 
tubes are sealed .. . tubes may be boiled or autoclaved to assure 
absolute asepsis of their outer surfaces. 


MORE CONVENIENT because adaptable to any operating room tech- 
nic . . . quickly prepared for use, as required, along with instruments 
or dressings . . . flexibility readily controllable to any degree. 


These advantages, always important, assume special significance today 
when surgical personnel and facilities are under extraordinary pressure. 


Claustro-thermal Sterilization is an Exclusive Davis & Geck Process 
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PROSTATIC SURGERY 


— 


by ROGER 
W. BARNES 


M.D., F.A.C.S., Pro- 
fessor of Clinical Urol- 
ogy, College of Medical 
Evangelists. Chief of 
Urology Service, White 
Memorial Hospital and 
Out-Patient Clinic, Los 
Angeles, California. 


235 pages 
104 illustrations 
PRICE, $6.00 


For the first time, 
a comprehensive 
study of the prin- 
ciples and technic 
o f transurethral 
prostatic surgery 
is available to you 
in a single vol- 
ume. Barnes’ 
new “ENDO- 
SCOPIC PROS- 
TATIC SUR- 
GERY” elimi- 
nates time-requir- 
ing research, pro- 
vides immediate 
guidance on any 
phase of the sub- 
ject. 


It describes and 
illustrates fully 
the accepted tech- 


nic with the Stern-McCarthy electrotome—and in addition, gives various procedures 
which usage has demonstrated are essential in both preoperative and postoperative 
care. A special section is included on punch prostatectomy by H. C. Bumpus, Jr., 


California. 


A New Book— Just Issued 


The Whole Story in a Sin- 
gle Volume—One of the 
best reasons for owning 
Barnes’ new book is the 
fact that where formerly 
you had to garner infor- 
mation from many sources, 
now you can find any in- 
formation you need in this 
one book. “EN DO- 
SCO PIC PROSTATIC 
SURGERY” is, in fact, 
the first complete thesis on 
this comparatively recent 
technic. 


Based on Long Experience 
in the Field—As a member 
of a_ hospital urological 
staff for many years, Dr. 
Barnes has had a unique 
opportunity not alone to 
develop a splendid surgical 
technic in the performance 
of transurethral urology, 
but also the ability to eval- 
uate by actual use in large 
series of cases the innu- 
merabie variations in sur- 
gical procedures and care 
these patients require. 


Practical Description and 
Illustration—Dr. Barnes 
supplements his careful, 
thorough descriptions of 
technic with minutely de- 
tailed illustrations which 
leave nothing to the imag- 
ination. Every phase in 
technic with the electro- 
tome, in punch prostatec- 
tomy, in associated opera- 
tive procedures and in pre- 
and postoperative care is 
set down for your guid- 
ance. 


The C. V. Mosby Company—Publishers—St. Louis, Mo. 
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IS NEEDED 


O be a real trouble shooter one must 
be able to do more than one thing. 
ae LIPOIODINE* comes under this head. It 
tt can be used diagnostically in the form of 
. a 60 per cent sterile solution in sesame oil 
for certain pulmonary conditions. It can 
be used also therapeutically in tablet form 
containing 41 per cent organically bound 
iodine in bronchial asthma, chronic bron- 
chitis, tertiary syphilis and simple goiter. 
LIPOIODINE has found wide favor and 

acceptance both ways. 


There is a definite therapeutic advan- 
tage in LIPOIODINE in that it supplies a rel- 
atively constant level of utilizable iodine. 


LIPOIODINE 


For Diagnosis: 10 cc. bottles and 500 cc. flasks 
For Therapy: 0.3 gm. tablets in bottles of 30 and 100 


“Trade Mark Reg. U.S. Pat. Off. (ethyl diiodobrassidate) -@ 
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JUST ISSUED 


CHEMOTHERAPY 


OF GONOCOCCIC INFECTIONS 


By RUSSELL D. HERROLD, B.8., MLD. 


Associate Professor of Surgery (Urology) College of Medicine, University of Illinois, 
Chicago, Illinois. 


138 pages. Beautifully bound. Price, cloth, $3.00 


The tremendous incidence of gonococcal infections—and the rev- 
olution in their treatment through CHEMOTHERAPY warrant 
the interest of every physician—and render this new book a vital 
tool of practice. Its material is based upon experience with sulfa- 
thiazole alone in treatment of 800 patients in the past two years. 
Approximately 1,000 more patients have been observed in which 
neoprontosil, sulfanilamide, sulfacetamide, sulfapyridine, sulfa- 
diazine, dimethyl-di-sulfanilamide, sulfanilyl-sulfanilamide and 
sulfamethylthiazole were employed. 


TABLE OF CONTENTS 


Introduction; The Evolution of Chemotherapy; Sulfanilamide, Sulfapyri- 
dine, and Sulfacetamide; Diagnosis of Gonococci Infections in the Male; 
Differential Diagnosis; Sulfathiazole; Toxie Reactions of Sulfathiazole; 
Sulfadiazine; Local Treatment and Chemical Prophylaxis; The Manage- 
ment of Sulfonamide Failures; The Carrier or Subclinical State of Infec- 
tion; The Determination of Cure in the Male; Complications; Infections in 
Women; Infections in Children; Epidemiology; Investigative Problems; 
Illustrative Case Histories. 


THE C. V. MOSBY COMPANY MJ 
3525 Pine Boulevard 
St. Louis, Mo, 


Gentlemen: Send me Herrold ‘‘Chemotherapy of Gonococcal Infections,’’ Price, $3.00. 


-___Attached is my check. _..._Charge my account. 
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COMPLETE THE 


OF MODERN SURGERY». . 


FOR POST-OPERATIVE SCARS 


2 Post-operative appearance 3 After application of Covermark 


In the mind of a hyper-sensitive patient, visible post-operative scars take on exag- 
gerated importance—often over-shadowing the therapeutic results of an operation. 
May we suggest, therefore, that you take advantage of COVERMARK—the opaque 
cream used for the past fifteen years with great success by dermatologists to conceal 
permanent skin discolorations and skin disorders under treatment. 


COVERMARK is available in all skin tones, is easy to apply, and stays on until 
removed. Improved appearance means a happier patient—an important factor, 
whether scars are temporary or permanent. 


COVERMARK completely conceals the discoloration of post-operative scars, as 
well as birthmarks, X-Ray burns, vitiligo, liver spots, telangiectasis, tattoo marks, 
and the discoloration of varicose veins, acne, lupus erythematosus, lupus vulgaris, 
psoriasis, etc. 
COVERMARK CREAM, al// shades, $3.00; $1.25 
COVERMARK SPOT-STIK, /ight, medium, dark and brunette, $1.25 


Professional Service: 


LYDIA O'LEARY, INC. 
581 Fifth New York 
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HAT SURFACE TENSION 
MEANS GERMICIDE 


An antiseptic with high surface tension does not enter skin crevices — 


freely; therefore, its anti-bacterial action is limited to those organ- 
isms which are in readily accessible places. 


The low surface tension of Ceepryn, however, enables it to flow 
freely into minute hiding places of bacterial organisms. 


Another advantage of the low surface tension of Ceepryn is the 
ability of the antiseptic to penetrate readily the wall of the bacterial 
cell, which greatly steps up its germicidal action. 

Moreover, the powerful detergent action of Ceepryn is valuable 
for its cleansing effect during antisepsis, and its ability to loosen 
and remove dead tissue cells. 


Brand of Cetylpyridinium Chloride 


DIVERSIFIED ANTISEPTIC RANGE OF CEEPRYN 


| Ceepryn is non-selective in its range of antiseptic activity. It is 
powerfully destructive to a very large number of species of bacteria 
and fungi. 


Trade Mark ‘‘Ceepryn” Reg. U. S. Pat. Off. 
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Germicide which does not lower Ceepryn lowers surface tension, there- 
surface tension is slower to diffuse fore diffuses through cell wall quicker. 
through cell wall. Molecules of ger- Molecules become concentrated 
micide are distributed uniformly about cell wall through adsorption, 


throughout the solution. giving greater germicidal action. 


CEEPRYN IS SAFE TO USE 


Clinical and pharmacological studies have demonstrated the safety 
of Ceepryn and its lack of tissue toxicity. It permits normal healing 
while preventing and controlling infection. 


Ceepryn is offered in three forms, 
all reasonably priced: 


Ceepryn Aqueous Solution 1:1000 
—pints and gallons 


Ceepryn Tincture 1:200 
—4 oz., pints and gallons CEEPRYN CEEpRYN 


TINCTURE 


Ceepryn Tincture 1:500 
—4 oz., pints and gallons 


Write for sample and descriptive 
brochure. 
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VILTURIES 


OF ARMY MEDICINE 


Scientific Accomplishments of the Medical Department of the U.S. Army 


By Col. Edgar Erskine Hume 


Here’s a story of high adventure . . . adventure to make every 
American medical man proud. Stories of the early days of 
American military medicine . .. of the great and important 
investigations carried out by American medical officers that 
have advanced science toward the ultimate goal .. . stories 
that will thrill you with their tremendous accomplishments 
against overwhelming odds. 


VICTORIES OF ARMY MEDICINE is more than another 
book—it is the history of American military medicine—scien- 
tifically accurate, but with all the interest of a best-seller 
novel. Written by a Colonel in the Army Medical Corps, the 
story will give you the same feeling of pride in the scientific 
accomplishments of our Medical Corps as the author felt when 
he wrote it. 


VICTORIES OF ARMY MEDICINE is a ‘‘must’’ for every 
man whose interest in the Army Medical Corps is personal . . . 
as well as a ‘‘must’’ for anyone interested in army medicine. 
Send for your copy today! 


$3 About 250 Pages * 50 Illustrations 


Primary Care * Treatment « Repair 


Skin Grafting BURNS 


M.D., and Frank McDowell, M.D. 


in the 
i ld War written im 
‘¢Treatment of Burns Wor rends only 
Including A concise and timely Atlas-size 
Eastern Theatre ith gow ch the authors have had first-hand expe 
those procedures with intormation! 9 


‘ -ninut 
illustrations . . up-to the gern 200 Pages * 131 Illustrations 


J. B. LIPPINCOTT CO., E. Washington 5q., Philadelphia 


Please send me [ Victories of Army Medicine ($3), (J) Skin Grafting of Burns ($5), 
[] Check enclosed. ( Send C.0.D. © Charge my account. 
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IN ADEQUATE AMOUNTS 
IS A PRIME REQUISITE OF 
NORMAL WOUND HEALING'”/ 


THE above statement by Hartzell and Crowley! was based on a review 
of the work by other investigators. They also find that: “When there is 
insufficient vitamin C, the healing of the wound is profoundly disturbed.” 
Reports are cited which show the necessity for adequate vitamin C in 
those undergoing surgical procedures. 

In such cases the intravenous injection of Solution Sodium Ascorbate 
Squibb is of value since it permits the maintenance of intensive therapy 
with small dosage volume. It is also useful in cases of vitamin C defi- 
ciency and patients in whom some condition such as gastric anacidity 
or pathologic changes in the intestine result in faulty absorption or 
destruction of the vitamin. 

The solution is supplied in boxes of 6 ampuls, each containing suffi- 
cient material for the withdrawal and administration of 1 cc.—contain- 
ing an amount of sodium ascorbate equivalent to 500 mg. ascorbic acid. 
Also in boxes of 6 and 25 one-cc. ampuls containing the equivalent of 
100 mg. ascorbic acid per cc. 

Note: The supply of ascorbic acid is limited due to demands of our armed 


forces and lend-lease. We will, however, make every attempt to keep these 
solutions available for prescription use. 


1 Hartzell, J. B., and Crowley, R. T.: Am. J. Surg. 56:288 (April) 1942, 


For literature address the Professional Service 
Department, 745 Fifth Ave., New York, N. Y. 


ER: SQUIBB & SONS 


Manufacturing Chemists to the Medical Profession Since 1858 


Z 
3 
- 
pre 
| : 


2 SURGERY 


DEMAND for medicinal supplies 
at the fighting front doesn’t begin at 
eight o’clock and stop at five. In war 


there is no forty-hour week and cas- 


ualties must be treated at all times 


—day and night. 


Lilly employees feel deeply their 
obligation to produce a full share of 


essential therapeutic agents. Upper- 


most is the thought that machines 
BUY WAR 


must turn eight—sixteen—twenty- 


* four hours a day to fill the needs of 


the allied armed forces. 


ELI LILLY AND COMPANY, INDIANAPOLIS, INDIANA, U.S.A. 
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Original Communications 


ACUTE CRANIOCEREBRAL TRAUMA 


SURGICAL AND PATHOLOGIC CONSIDERATIONS BASED UPon 151 CONSECUTIVE 
AUTOPSIES 


S. GurpJiaAn,* M.D., J. E. Wessrer, M.D., H. Arnxorr,t M.D. 
Derroit, Micu. 


HE material herein presented comprises the results of observations 

made upon post-mortem examinations of 151 patients who died fol- 
lowing cranial trauma. The examinations were performed at the Wayne 
County Morgue, Detroit, Mich. They represented a consecutive, un- 
selected group admitted to the morgue throughout a period of eight 
months, from July, 1939, to Mareh, 1940. The hospital records of those 
patients who were hospitalized before death were also studied for 
pertinent correlations. 


This analysis is not intended for statistical purposes, but it is an 
attempt to correlate the pathologic features and the surgical management 
of cases of head injury. A survey of the pathologic background should 
serve to amplify surgical and medical concepts of treatment. 

Material.—Gross evidence of brain damage was found in every case, 
although in a few instances the pathologic changes were minimal (Fig. 
1). Combinations of lesions were of frequent occurrence. For pur- 
poses of clarity, the pathologie findings were classified into main groups 
on the basis of the outstanding type of lesion present (Table I). 

Aye Distribution—The well-recognized observation that the mortality 
rises with the higher age groups among patients with head injury is 
shown in Table II. Even though the incidence of major head injury is 
less in childhood, the evidence shows that children tolerate the effects of 
trauma much better than do patients in higher age groups. 


*Department of Surgery, Wayne University College of Medicine, and Department of 
Neurosurgery, Grace Hospital. Major, U. S. Army. 

+Medical Corps, U. S. Army. 

Received for publication, June 3, 1942. 
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TABLE I 


Fracture of the skull 
Compound fractures 
Gunshot etiology 


No fractures 


Epidural hemorrhages (surgical) 
Associated with fracture 10 
Unassoeciated with fracture l 


Epidural hemorrhages (small) 


Acute subdural hematoma (surgical) 
Acute subdural hematoma (small) 
Chronic subdural hematoma 


Massive intracerebral clot 


Petechial hemorrhages 
With gunshot wounds 17 


Contusions of the brain surface with softening 


Cerebral fat embolism 


TABLE IT 


AGE DISTRIBUTION 


AGE GROUPS (YR.) NUMBER OF CASES 
Under 5 8 
5 to 10 1 
10 to 20 11 
20 to 30 27 
30 to 40 24 
40 to 50 28 
Over 50 52 


TABLE III 


CHART SHOWING RELATIONSHIP OF ETIOLOGY TO PATHOLOGY FOUND IN AUTOPSY SERIES 


PATHOLOGY 
MAS- 
NUMBER SUB- SIVE 
ETIOLOGY OF ARACH-| INTRA- FRAC- | CON- 
CASES | | NOID | TURE | TUSION 

HEM. BRAL 

HEM. 
Fall 23 BS 8* 5 0 11 15 1Z 

Direct trauma 1 0 0 0 0 1 1 
Auto accident 90 4 12 28 1 29 66 52 
Electricity 2 0 0 1 0 2 0 0 
Fights 6 1 2 0 0 3 4 5) 
Bullet wounds 18 17 18 
Explosion 1 0) 0 0 0 1 1 0) 
Train accidents 3 0 1 1 0 2 2 ] 
Auto-Bicycle acci- 5 3 0 1 0 4 4 1 
dents 
Unknown cause of 2 0 0 1 0 1 1 0 
death 

Total 151 11 2a" 37 1 71 112 72 


*One case of chronic subdural hematoma, 


| 
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Etiology—Direct blow to a fixed or nonfixed head is common. The 
head is usually injured by indirect blows; that is, the head in motion 
strikes a nonmoving or slower moving object. In either of the latter 
groups, multiple lesions occur as well as injuries to other parts of the 


Fig. 1.—An example of minimal cerebral damage involving the frontal lobe. This 
patient, aged 35 years, was struck by an auto. There was no fracture of the skull. 
He survived injury for 7 days (associated injury, fractured tibia). 


body (Fig. 2). Of interest in the tabulation of the causes of injury is 
the frequent association of epidural hemorrhage and bicycle accidents. 
In Table III the etiologic factors and the resultant pathologic changes 
have been correlated. 

Time of Death—In 133 cases, the time of death was classified and is 
shown in Table IV. Of note is the fact that sixty-one victims were dead 


TABLE IV 


TIME oF DEATH 


TIME OF DEATH NUMBER OF CASES 


Dead on admission 61 
1 hr. 

2 hr. 

3 hr. 

5 hr. 

10 hr. 

15 hr. 

20 hr. 

30 hr. 

2 days 

3 days 

4 days 

5 days 
Over 5 days 
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upon admission, while thirty-six died within twenty hours after entrance 
to the hospital, a group which represents 72.1 per cent of the total. 
Fractured Skull.—F¥ racture of the skull was present in 112 instances. 
In twenty-niné the fracture was compounded; eighteen of the latter were 
caused by gunshot wounds. Head injury unassociated with fracture of 


Fig. 2.—An example of profound cranial damage with comminution of the middle 
fossa and destruction of the left optic nerve. The fracture line extends from the left 
orbit and frontal region to the pituitary fossa and across the length of the petrous 


bone of the left side. 


the skull occurred in thirty-nine patients. Of the instances in which 
a fracture was found to be present, the site of the fracture was localized 
to the anterior third of the skull in 22.9 per cent of the cases; to the 
middle third in 45.3 per cent, and to the posterior third in 32.7 per cent 


(Table V). 


TABLE V 


LOCALIZATION OF FRACTURE 


LOCALIZATION NUMBER OF CASES 


Anterior 3rd 6 
Middle 35 
Posterior 3rd 18 
Anterior and middle 1] 
Middle and posterior 11 
Anterior, middle, and posterior 13 


~ 
Ae 
i? 
| 
| 


GURDJIAN ET AL.: ACUTE CRANIOCEREBRAL TRAUMA 337 


TABLE VI 


CHART OF SITE OF CONTUSIONS 


SITE NUMBER OF CASES 
Inferior frontal R—24 
L—25 
Inferior temporal R—23 
L—22 
Frontal (lateral and superior) R—10 
L— 9 
Temporal (lateral and superior) R—27 
L—20 
-arieto-oecipital R—10 
L—12 
Cerebellum and brain stem R— 5 
L— 4 


The distribution of the fracture lines is more graphically represented 
in Fig. 3. 

Cerebral Contusions.—An outstanding finding in the examination was 
the occurrence of contused areas of the cortex of the hemispheres (Fig. 
4). There were 191 instances of such areas among seventy-two of the 
eases. For the sites of the contusions, see Table VI. 


Fig. 3.—Diagrammatic representation of fractures in ninety-four cases. Right 
lateral, basal, and left lateral views are shown in two rows. The most common site 
of fracture is the middle third of the skull (45.3 per cent). 
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Fig. 5 demonstrates the aggregations of the areas involved by bruising 
of the brain. They are shown in upper and lower groups, to make the 
diagram more intelligible. 


ACUTE SUBDURAL HEMORRHAGE 


In this series, subdural hematoma of surgical proportions (about 30 
Gm. and over) was found in twenty-two cases, and in twelve additional 
eases small hemorrhages in the subdural space were discovered. The 
latter includes cases of very minimal hemorrhages in the subdural space 
up to the amount of about 30 Gm. in size. The larger subdural hema- 
tomas were unilateral in each instance. In the group with insignificant 
subdural hemorrhage, there were four bilateral cases. 


Fig. 4.—An example of multiple cerebral contusions located in commonly involved 
areas. This patient, aged 52 years, was involved in an automobile accident; he had 
a lucid interval and then progressive stupor. Bilateral trephines were made on the tenth 
day with evacuation of bilateral subdural hydromas. He expired the eleventh day. 


The subdural hemorrhage occurred in the fronto-parieto-temporal 
region in the greatest majority of cases (Fig. 6). In one there was a col- 
lection of blood in the region of the optie chiasm. In another, a fronto- 
parietal hematoma extended between the hemispheres and over the corpus 
callosum. There was one case of hematoma over the left cerebellar hemi- 
sphere. The fronto-parieto-temporal localization of the subdural lesion 
was evident in thirty of thirty-four eases (including both surgical and 
small subdural hemorrhages). <A frontoparietal trephine opening two 
inches on either side of the midline would have uneovered the clot in 
each of the thirty cases. 
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Fig. 5.—Diagrammatic representation of 191 contusions in seventy-two cases. The 
superior, basal, right, and left lateral views of the brain are shown with the overlying 
contusions (represented by outline) in three rows. Contusions occurred most fre- 
quently on the inferior surfaces of the frontal and temporal lobes. 


Fig. 6.—An example of one of the acute subdural hematomas encountered. This 
patient, aged 44 years, was hospitalized after an auto accident. He was unconscious; 
B. P. 130/90; expired 5 hours later. 
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The bleeding arose from torn pial vessels on the convexity of the 
hemispheres. In three cases, an intracerebral clot extended into the sub- 
dural space through the tear in the brain. Contusions of the brain sur- 
face on the same and on the opposite sides were seen in thirteen cases. 
Only infrequently were they thought to be the source of the subdural 
hemorrhage. Subarachnoid hemorrhage was seen in three patients. 
Petechial hemorrhages were noticed in seven instances, with hemorrhages 
in the pons and the medulla in four. Epidural bleeding was accompanied 
by minor subdural hemorrhages in four eases. 

Purely on the basis of post-mortem findings, six of the twenty-two 
might have recovered following operative intervention. The remaining 
sixteen had profound associated injuries in other parts of the nervous 
system. Among those with small clots in the subdural space, the 
associated lesions elsewhere in the brain were marked, and they were 
thought to be the cause of death. 

The position of the clot could not have been guessed on the basis of 
a fracture line. In eight cases the fracture was on the opposite side from 
the subdural lesion. There was no fracture in seven cases. The more 
pertinent facts about these cases of subdural hemorrhage are classified 
in Table VII. 

TABLE VII 


SureicaL (TWENTY-Two CasEs—30 GM. AND OVER) AND NONSURGICAL SUBDURAL 
HEMORRHAGES (ELEVEN CASES) 


SURGICAL NONSURGICAL 

Side involved 

Right 15 4 

Left 7 3 

Bilateral 0 4 
Fracture 

Same side 7 

Opposite side 8 

Present 15 11 

None 7 0 
Position of cranium 

Fronto-parieto-temporal 20 10 

Basal about chiasm and pons 1 1 

Interhemispheric 1 0 

Over cerebellar lobe 1 1 
Associated pathology 

Contusions and tears 13 Extensive and var- 

Petechial hemorrhage 7 ied in each in- 

Larger intracerebral clot 3 stance 

Subarachnoid hemorrhage 3 


The single case of chronic subdural hematoma had been drained 
through a small trephine opening. At autopsy the cyst cavity was still 
filled with semisolid and fluid contents. About three-fourths of the hema- 
toma was semisolid. (When the hematoma is mostly semisolid, it should 
be drained through a small osteoplastic flap rather than through a single 
or two trephine openings. In the above case, the single trephine opening 
seemed inadequate. ) 
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EPIDURAL HEMORRHAGE 


There were eleven cases of epidural hemorrhage of surgical proportions 
(about 30 Gm. and over) and an additional four cases of small hemor- 
rhages in the epidural space. 

The fronto-parieto-temporal region was the most frequent site among 
the larger hematomas (Fig. 7). There were eight cases in this group. A 
bilateral frontal hematoma was seen in one instance. A clot in the 
parieto-occipital region was present in one ease, and a right cerebellar 
and right occipital localization was found in another (Fig. 8). 


Fig. 7.—An example of acute epidural hemorrhage of representative size. This 
patient, aged 13 years, fell from a bicycle at 5:00 P.M., striking his head on a curb; 
he walked home, arriving at 6:30. A physician was called and the boy expired at 
9:30 P.M. 


The source of the hemorrhage was thought to be the middle meningeal 
artery in nine cases. The dural veins may have contributed to the clot. 
The frontal hematoma probably arose from venous and anterior 
meningeal artery bleeding. The clot in the cerebrellar region was of 
lateral sinus origin. 

The larger hematomas were intimately related with fracture except 
in one case. The fracture was depressed in one instance. It seems that 
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the position of the fracture is most significant in epidural hemorrhage, 
making it obligatory to search for the clot in its vicinity. The frontal 
epidural hematoma without fracture is extremely interesting. Its forma- 
tion was possibly as follows: A separation of dura and bone may have 
been initiated by the trauma either by deformation of the cranial vault 
without accompanying deformation of dural membrane or by actual 
movement of the dura in the direction of the foree when the moving head 
was suddenly stopped. The initial separation of the dura and bone 
would cause bleeding into the epidural space. With more bleeding, a 
further separation of the dura off the bone would ensue, the latter would 
expose more vessels to add to the bleeding, thus bringing about a vicious 
circle. 


Fig. 8.—Diagrammatic representation of the cases of epidural hemorrhage in this 
series. Note that the greatest majority occur at the fronto-parieto-temporal region. 


Cerebellar epidural hematoma is infrequently diagnosed before death 
except in puncture wounds of the lateral sinus region. Probably the 
profound associated lesions of the nervous system mask pure localizing 
signs. In the case described by Coleman and Thomson, there was a slow 
onset of stupor and eventual hypotonia and areflexia. A large posterior 
fossa clot was successfully removed. In selected cases, the site and type 
of fracture along with clinical evidences of increasing stupor may justify 
exploration of the posterior fossa for an epidural clot. 

In this small group of cases, associated lesions in other parts of the 
nervous system were frequent. Purely on the basis of post-mortem 
examination, only two of the eleven eases could have been materially 
benefited by surgery. It is not surprising that a lucid interval was noted 
in only two cases. 
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PETECHIAL HEMORRHAGES 


Petechial hemorrhages recognized by gross examination were found 
to be present in fifty-four cases (Fig. 9). Small hemorrhages were seen 
in seventeen of the eighteen cases of bullet wounds of the head. Petechial 
hemorrhages were noted in the pons and in the medulla in a total of 
twenty-five cases. Twenty of these victims were struck by moving 
vehicles. Three of the hemorrhages were the result of falls. Six of the 
group with pontine and medullary lesions showed no fracture of the 
skull. Four eases of subdural hematoma had associated pontine and 
medullary lesions. Only six of the twenty-five victims survived the 
injury, the longest period of survival being thirty-three hours. 


Fig. 9.—An example of unusually severe, diffuse, intracerebral hemorrhages (pe- 
techial) involving the brain stem and basal ganglia. This patient was dead on admis- 
sion to the hospital following an auto accident (associated extensive skull fracture). 


Victims Dead on Admission.—An analysis of sixty-one victims dead on 
admission is shown in Table VIII. Among the sixty-one cases, epidural 
hemorrhage was noted in 4, subdural hemorrhage in 13, subarachnoid 
hemorrhage in 18, petechial hemorrhages in 21, contusions in 25, and 
fracture of the skull in 39 cases. Associated injury elsewhere in the body 
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TABLE VIII 


ANALYSIS OF SIxtTy-ONE VicTIMS DEAD ON ADMISSION 


Pathology 
Epidural hemorrhage 
Subdural hemorrhage 
Subarachnoid hemorrhage 
Massive intracerebral hemorrhage 
Petechial hemorrhage 
Fracture 
Contusions 
Associated injuries 
Extremity injury 
Abdominal injury 
Chest injury 
Vertebral column injury 
Associated injury most important cause of death 
Age (yr.) 
Under 5 
5 to 10 
10 to 20 
20 to 30 
30 to 40 
40 to 50 
Over 50 


noe 


TABLE IX 


ANALYSIS OF THIRTY-NINE CASES WITH No SKULL FRACTURE 


Pathology 
Epidural hemorrhage 
Subdural hemorrhage 
Subarachnoid hemorrhage 
Massive intracerebral hemorrhage 
Petechial hemorrhage 
Contusions 
Associated injuries 
Extremity injury 
Abdominal injury 
Chest injury 
Vertebral column injury 
Associated injury most important cause of death 
Age (yr.) 
Under 5 
5 to 10 
10 to 20 
20 to 30 
30 to 40 
40 to 50 
Over 50 
Duration of life 
Dead on admission 
2 hr. 
3 hr. 
5 hr. 
10 hr. 
20 hr. 
30 hr. 
2 days 
4 days 
5 days 
Over 5 days 
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was common. The age distribution showed the usual pattern of higher 
mortality in the older age group. 


Cases With No Skull Fracture.—In Table IX the eases with no skull 
fracture are analyzed. Among thirty-nine such cases, one had epidural 
hemorrhage and nine showed subdural hemorrhage. In sixteen, there 
was subarachnoid hemorrhage; in nineteen, petechial hemorrhages; in 
thirteen, contusions of the brain surface. One case had a rather large 
intracerebral clot. The age distribution again showed the usual pattern 
of greater numbers among the older people. The duration of life follow- 
ing trauma has been analyzed for the group. It is noted that twenty-two 
were dead on admission, and an additional ten died within thirty hours 
after injury. Amazingly extensive intracranial lesions were frequent. 

The question of so-called primary shock causing death may be raised 
in connection with the cases with no fracture who died soon after injury. 
Although in a few cases the pathologie changes were slight, intracranial 
lesions were invariably present in every instance. 

Concomitant Injuries.—Associated pathologie lesions other than cere- 
bral were held responsible for deaths in seven of ninety-four cases with 
fracture of the skull and in nine of thirty-nine cases in which there was 
no fracture present. In the thirty-nine instances of trauma without frac- 
ture, there was associated injury in twenty. Thus, nineteen instances of 
death occurred without fracture of the skull and without contributive 


injury, due solely to the intracranial disturbance. The associated lesions 
in the twenty cases with no skull fracture are given in Table X. 


TABLE X 


CONCOMITANT INJURIES 


INJURY NUMBER OF CASES 


Chest 

Chest and abdomen 

Abdomen and extremities 
Extremity 

Extremity and chest 
Abdomen 

Abdomen, chest, and extremity 
Fracture vertebral column 


ROOK 


Clinical Pathologic Correlations—Seventy-two of the patients in this 
study reached the hospital after injury. Twenty-two were dead at the 
time of admission. The remaining hospitalized fifty were distributed 
among twenty-two hospitals in the Detroit area. The clinical records of 
these patients were studied in light of subsequent pathologie findings. 
The length of life, following hospital admission, varied from a few 
minutes to twelve days. Twenty-six of the group died in twenty-four 
hours or less after admission. Thus, complete neurologic study was, 
at times, impossible. In most instances the information contained in the 
records was incomplete. However, certain findings stand out and are 
worthy of mention. 
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Thirty-five patients were unconscious at the time of admission and 
continued in coma; five were semiconscious and became unconscious: 
ten showed lucid intervals, either reaching consciousness after being un- 
conscious and lapsing again into stupor (four) or being conscious and 
then becoming unconscious (six). Among the ten patients with the state 
of consciousness suggesting a progressive lesion, a subdural or epidural 
hemorrhage was the cause of death in four cases. (Two of these were 
operated upon.) In four of the patients there was diffuse brain injury 
associated with skull fracture; in two, fatty cerebral embolism (Fig. 10) 
was the cause of death. 


Fig. 10.—An example of cerebral fat emboli complicating head injury. There were 
fractures of both tibias and a lucid interval of 48 hours. The spinal fluid was slightly 
bloody with a pressure of 330 mm. of water. The patient was explored for subdural 
hemorrhage. 


Patients were described as being in shock in but two instances. The 
blood pressure on admission was 84/50 and 60/40, respectively. The 
blood pressure was low in two other cases (90/0 and 80/54). In one 
there was associated severe injury to other parts of the body. The 
greatest majority of those with profound head injury showed no re- 
markable change in blood pressure and pulse throughout their stays in 
the hospital. 

Hemorrhages from the ears, nose, and mouth were commonly reported 
in the hospitalized group. Such findings were present in twenty-four 
of the group of fifty. 

Neurologic data were meager, and only gross abnormalities appeared 
to be reported. Foeal signs of paresis, paralysis, or pyramidal tract dis- 
turbance were present in thirteen cases. In five instances the signs were 
bilateral. Seven of those showing focal signs were patients with subdural 
or epidural hemorrhages. In the hospitalized group, there were seven 
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subdural, four epidural, and one case of epidural and subdural hemor- 
rhage, a total of twelve. Six of the twelve were operated upon. 

Examinations of the pupils were reported in twenty-seven patients. 
Unequal pupils were present in thirteen instances, five of these in pa- 
tients with subdural or epidural hemorrhages. One or both pupils were 
fixed to light in ten instances; in four, the examination was normal. 

Correlation of the available information as related to the terminal 
states of the patients was not suggestive of characteristic clinical patterns 
associated with characteristic pathologic lesions. Thirteen patients died 
with temperatures ranging from 105 to 109° F. In five, medullary 
lesions were present. Respirations were elevated to above 40 per minute 
in twenty-one cases, four of which showed petechial hemorrhages in the 
medulla. In five patients, the respirations remained below 20. The 
most prominent and puzzling feature of the ‘‘neurogenic’’ pattern of 
death was the tachypnea with or without pulmonary edema. 


DISCUSSION 


The physical forces producing craniocerebral injuries are varied but 
may be grouped into the following five general classes: (1) force applied 
to a relatively fixed head (direct blow) ; (2) force applied to a nonfixed 
head which may move by the force (direct blow); (3) force produced 
by the head in motion coming in contact with a nonmoving or slower 
moving object (indirect blow) ; (4) a combination of the preceding cir- 
cumstances, occurring particularly in auto accidents; (5) in indirect 
blows, the intracranial contents moving in the direction of the force, 
may abut against more solid structures, producing bruising of the brain 
surface (Kocher). Similarly, the ‘‘crowding together’’ of the various 
portions of the brain itself, because of differences in density, may result 
in parenchymatous lesions. Contrecoup lesions so common in head in- 
jury (Fig. 11) are ascribed to a lag of the brain behind the more rapidly 
moving cranium, causing the contents of the skull to abut against bone. 
Another viewpoint worthy of mention is the possible ‘‘ bouncing back’’ of 
the brain when the moving head is suddenly stopped by a nonmoving or 
slower moving object. Evidence for these conclusions was found in the 
autopsy material studied. 

Contusions and bruises of the brain surface were more frequent on the 
orbital surfaces of the frontal lobes and at the junction of the frontal 
and temporal poles of the hemisphere on one or both sides. The higher 
incidence of bruises in this neighborhood may be due to the many bony 
irregularities against which the brain rests. The irregular base of the 
anterior fossa and the sharp edge of the lesser wing of the sphenoid 
serve as abutments for the brain in motion. Tears and contusions may 
ensue in these areas following sudden arrest of the brain. When the 
direction of the blow causes the intracranial contents to move posteriorly, 
the tentorium cerebelli may accomplish much in protecting the brain. 
Contusions of the more posterior portions of the brain were infrequent, 
we believe, because of the ‘‘buffer’’ role of the tentorium. In the dog, 
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the osseous tentorium has no ‘‘give’’ as is the case in the human. There- 
fore, it is reasonable to expect that a higher incidence of injury would 
obtain in the occipital regions in the animal. In the human being, since 
a majority of the contusions occur on the anterior third of the brain 
surface, it is no wonder that most of the cases, of subdural hemorrhage 
occur in the fronto-parieto-temporal regions. 

The occurrence of multiple petechial hemorrhages associated with 
cranial trauma has been frequently noted and commented upon (Cassasa, 
Vance, Martland, and Beling). Aside from those caused by emboli (fat 
embolism, endocarditis, ete.), petechial hemorrhages are probably 
brought about by a combination of trauma and pathophysiologic changes. 
The ‘‘crowding together’’ of the various portions of the brain may cause 
parenchymatous damage due to ‘‘squashing.’’ The resultant localized 
area of damage interferes with the normal nutrition and capillary-tissue 


Fig. 11.—An example of contrecoup injury to the cortex opposite the site of a depressed, 
fractured skull. 


exchange of the region, causing stasis, necrosis, and hemorrhage by 
diapedesis. It is well known that petechial hemorrhages may occur with- 
out trauma (usually preterminal). In such cases due to alteration in 
blood supply of the brain, a vascular stasis with anoxia may cause areas 
of necrosis eventuating in small hemorrhages by diapedesis and vessel 
wall damage. Of interest is the finding of petechial hemorrhages in the 
spinal cord in experimental head injury (Jakob, Denny-Brown). 

Of the total group of 151 cases studied, there were twenty-two in- 
stances of acute subdural hematoma, eleven cases of epidural hemorrhage, 
and one case of chronic subdural hematoma, representing in their total, 
21.5 per cent of the entire group. These thirty-four lesions were of 
sufficient size to classify as operable in type. Vance found that 26.2 
per cent of the patients of 507 autopsied cases died as a result of either 
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subdural or epidural hemorrhage. Munro reported these types of 
surgical lesions in 20.8 per cent of 1,203 cases of head injury. One must 
conclude that hemorrhage producing a cerebral mass lesion is of frequent 
occurrence following trauma. When unassociated with profound intra- 
cerebral injury, the results of surgical treatment are highly satisfactory. 
Accompanying bruising of the brain, petechial hemorrhages or both oe- 
curred frequently as previously noted. This fact is an important con- 
sideration in management. 

Analysis of this group showed that while fracture of the skull was 
present and was on the side of the lesion in all of those patients with 
epidural hemorrhage, fracture was commonly absent in the subdural 
hematoma class. In eight instances it was found that the subdural hema- 
toma was on the opposite side to the fracture. While roentgen studies 
would be of assistance in localizing the epidural hemorrhage on the basis 
of the site of fracture, this would not hold in the subdural hematoma 
group. 


Fig. 12.—An example of traumatic intracerebral hemorrhage of the massive type. 
The patient, aged 23 years, was struck by an automobile, and lived 8 hours; con- 
jugate deviation of eyes to side opposite lesion; had cycles of relaxation followed 
by clonic movements of all extremities which changed into ‘‘a definite extensor tonic 
convulsion.’’ Bilateral pyramidal signs were present. 


Massive intracerebral clot was present in one case in this review (Fig. 
12). It was in the temporosphenoidal lobe. Such localization is the com- 
monest of subcortical clots of larger size. They occasionally accompany 
middle meningeal hemorrhage (Apfelbach). The clinical studies of 
Courville and Blomquist and Pilcher suggest that massive intracerebral 
clots occur more frequently than seen in this study, and such lesions may 
escape early recognition. Later they may cause symptoms leading to 
their exploration. However, most surgical lesions of the intracranial 
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contents caused by trauma are found on the surface of the brain and 
intracerebral clots of surgical size are rare. 

The significance of the presence or absence of a fracture of the skull 
in assessing the degree of cerebral injury is well brought out by this re- 
view. 

The presence of a fracture has been repeatedly considered of major 
prognostic significance. It has been used as a criterion as to whether a 
patient should be hospitalized and for how long. In all probability it is 
true that a fracture of the skull is a rough index of the severity of the 
trauma. Associated damage to the intracranial contents is more com- 
mon among the patients with fracture than those without bone injury. 
However, the absence of a fracture does not rule out severe and at times 
fatal intracranial injury. In 151 examinations, there were thirty-nine 
with no fracture of the skull. Of the thirty-nine cases, there was no 
associated injury in nineteen. Thus, these nineteen patients died solely 
of traumatie intracranial lesions. Particularly with the indirect type of 
injury to the head, the movement of the brain in the cranial cavity may 
produce contusions and tears or may result in profound intracellular 
damage. The presence or absence of a fractured skull as a criterion for 
the evaluation of the degree of cerebral injury would seem to be a loose 
standard. 


The importance of concomitant injuries in influencing the outcome of 
the patient with cranial trauma was shown in this study. With indirect 
blows and particularly with injuries of great violence, not only may the 
head be struck, but also other portions of the body as well. In this 
study, associated pathologie lesions elsewhere than in the head were be- 
lieved responsible for death in seven of ninety-four patients with skull 
fracture and nine of thirty-nine patients in whom no fracture was pres- 
ent. Early knowledge of the presence of such secondary injuries ap- 
pears to be of major importance. The condition which mainly obscures 
the diagnosis of commonly encountered chest, vertebral, abdominal, and 
pelvie injuries is the unconsciousness of the patient with a centering of 
interest to the head. 

Although this is primarily a discussion of gross findings in a series of 
necropsied cases, it would not be complete without a few words concern- 
ing increased intracranial pressure. Increased intracranial pressure has 
been attributed to edema of the brain, hemorrhage of intracranial con- 
tents, and increased intracranial blood volume due to trauma (Shapiro 
and Jackson). That hemorrhage into the intracranial contents can and 
does cause increased intracranial pressure is accepted. This is brought 
about by an actual increase in the volume of the intracranial contents 
by the escape of blood, or the bleeding, particularly into the subarachnoid 
spaces, may increase the osmotic pressure of the spinal fluid (Howe, 
Parker and Lehman) by increasing its protein content. Increased os- 
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motic pressure would cause transfer of tissue fluids into the subarachnoid 
bed. A combination of the above is probably operative in a great many 
of the cases. 

Traumatic edema of the brain was attributed by Cannon to increased 
osmotic pressure of brain tissue caused by extravasation, contusions, 
small thrombi, and necrosis. Courtney suggested that transudation of 
fluid about and into areas of laceration and bruises is the cause of brain 
edema. He felt that the process is similar to the edema about an in- 
flammatory lesion elsewhere in the body. 

Because the microscopic appearance of edema (increased tissue spaces 
between cells with many dead and dying cells) occurs not only about 
actual lesions but also in distant portions of the brain, other explana- 
tions have been sought for the generalized process. Vasomotor paralysis 
of cerebral vessels by trauma (Courtney) with subsequent venous stasis 
and tissue waterlogging, due to increased permeability of the capillaries, 
has been considered a possibility (Ricker). An initial localized edema 
may compress the brain, altering its nutrition; thus, a localized edema 
may be enhanced by anoxemia and anoxia and eventuate in generalized 
edema of the brain due to venous stasis, increased capillary permeability, 
and eventual tissue waterlogging (Schaller). Probably more than one 
factor is in operation. Increased osmotic pressure of the brain and spinal 
fluid with edema in conjunction with the lack of proper oxygen supply 
may be the basis for the generalized swelling of the brain in the absence 
of extensive intracranial hemorrhage. 

Other explanations of increased intracranial pressure without severe 
hemorrhage are irritation and stimulation of the choroid plexus (Rand 
and Courville), with increased cerebrospinal fluid formation or the low- 
ering of the rate of absorption of the spinal fluid due to venous stasis 
and inereased venous pressure well above that of the cerebrospinal 
fluid (Jorns, Haussler, and others). In this connection, Weed felt that in- 
creased protein content in the cerebrospinal fluid due to blood retarded 
its absorption. It has long been suggested that there is traumatic in- 
ternal hydrocephalus in many eases of fatal injury to the head. Jack- 
son, and Shapiro and Jackson, in post-mortem studies, have recently re- 
emphasized the presence of increased intraventricular fluid and internal 
hydrocephalus in cases of head injury. 

Among others, Haussler and Jorns distinguished between swelling 
and edema of the brain. Recently, Pilcher, Shapiro, and Jackson stud- 
ied the water content of traumatized brains. They did not find any 
inerease in water content. This suggested that the brain swelling was 
not due to edema. Shapiro and Jackson found an increase of extra- 
and intravascular blood content of the brain. This factor, as well as 
inereased intraventricular fluid, was considered the basis for brain 
swelling by these authors. The cause for the swelling in cases of minimal 
hemorrhages is obscure. To what extent post-mortem findings of the 
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fluid content represent the true premortem conditions in the brain is 
also not clear. Alexander and Looney have raised many interesting 
questions in this connection. They reported that the amount of post- 
mortem water content of the brain was not a true index of edema or 
swelling. 

That increased intracranial pressure due to trauma is a clinical entity 
is universally accepted. That some brains look swollen at autopsy, even 
though the subarachnoid spaces are obliterated (thus making the brain 
surface appear dry), cannot be denied. In occasional instances we have 
observed large amounts of fluid in the subarachnoid and subdural spaces. 
An acceptable viewpoint is one which does not deny the occurrence of 
edema and yet does accept that it may be present in some cases, due to the 
time of death, to treatment prior to death, and to a different set of 
physicochemical factors operating in a given case. 

Although the pathologic findings in some of the cases in this series 
were minimal, all showed gross abnormalities. Death from so-called 
concussion* was not seen in this series. Examination of the clinical 
material available showed also that the occurrence of shock was infre- 
quent if not unusual in uncomplicated cases of head injury. Increasing 
pulse rate with lowering blood pressure and other characteristic signs 
of shock were reported in only two instances among the clinically ob- 
served group. The physiologic state present in those patients who died 


instantly or immediately following trauma can only be conjectured upon. 
Of twenty-two victims who were dead on admission to the hospital, all 
but two showed severe pathologic damage to the brain and fractures of 
the skull. There were three instances of subdural hematoma. 


SUMMARY 


1. In practically every instance of fatal head injury there is a com- 
bination of pathologic processes. For example, although the chief lesion 
may be an epidural hemorrhage, petechial hemorrhages and cerebral 
bruises frequently coexist. 

2. There is great variation in the extent and severity of brain lesions 
in the fatal cases. Among some, few pathologie lesions were noted to 
explain the cause of death. However, in every case, gross lesions were 
found. 

3. A massive intracranial hemorrhage due to trauma is usually on the 
surface of the brain and may be amenable to surgical treatment. Large 
intracerebral clots are rare. 

4. In epidural hemorrhage, exploration about a fracture line seems 
justifiable. In subdural hemorrhage, a fracture line is of little value in 
localization, often being opposite to the side of the subdural hemorrhage. 


*The term concussion is used in a most elastic manner by different authors. As 
understood in this paper, concussion is characterized by an unconscious state 
after head injury unassociated with macroscopic or microscopic lesions of the brain. 
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A CASE OF EPIDERMOID TUMOR OF THE SPINAL CORD 


REVIEW OF LITERATURE OF SPINAL EPIDERMOIDS AND DERMOIDS 
Rosert L. Craic, M.D., N. C. 


(From the Neurologic Service of Duke Hospital and the Department of Internal 
Medicine, Duke School of Medicine) 


“miaencig cysts developing in relation to the spinal cord and its 
meninges are rare in the experience of most neurologists and neu- 
rosurgeons. The standard textbooks make scant reference to these 
tumors, but in the periodic literature one finds a sufficient number of 
case reports to establish them as a not uncommon clinico-pathologic 
entity. On the basis of gross and histologic characteristics three distinct 
types are recognized: (1) the epidermoid or cholesteatoma, containing 
only epidermal tissue and its debris; (2) the dermoid, containing, in 
addition, dermoid structures and derivatives; and (8) the teratoma, 
containing tissues derived from two or more germinal layers. The case 
reported here is believed to be an example of the first type. 


REPORT OF A CASE 


History—W. M. (A-55912), a 25-year-old white male, referred to Duke Hospital 
with a tentative diagnosis of ‘‘spinal cord tumor,’’ was admitted to the neurologic 
service, Feb. 12, 1941. He complained of low back pain and numbness, tingling 
and stiffness in his legs of five months’ duration. His general health had always 
been excellent. There was no history of injury. Since early childhood he had had 
what he called ‘‘growing pains’’ in the thighs, occurring at night after strenuous 
work or exercise. He also described infrequent attacks of a rather sharp pain in 
his lower thoracic spine radiating toward the left scapula, brought on by jarring 
or suddenly turning the body to either side. In October, 1940, or about five 
months before admission, he began to notice on going to bed a dull, poorly 
localized ache in the lower part of the back which would keep him awake for 
several hours, together with numbness and tingling in the anterior thighs, first 
on the left and later bilateral. He had sometimes awakened during the night with 
uncertainty as to the position of his feet in the bed. At first he did not notice 
these symptoms during the day, but gradually they became more constant. The 
numbness and tingling spread downward to the feet. About four months before 
admission he began to notice slight hesitancy in initiating urination. Stiffness of the 
legs developed gradually, and his gait became unsteady. Following a lumbar pune- 
ture on February 7, he noticed for the first time slight weakness of his legs, causing 
increased difficulty in walking. He had lost tweaty pounds in weight. 

Examination.—Physical examination revealed an undernourished young man 
with poor muscular development, who did not appear acutely ill. A general 
glandular enlargement was present, the nodes being hard and nontender. Ex- 
amination of the back with the patient standing disclosed obliteration of the 
normal lumbar curvature and a moderate scoliosis, with convexity to the right, 
involving the lower thoracic and lumbar spine. There was no localized deformity 
or tenderness of the spine. 

Neurologic examination revealed no abnormality in the cranial nerves or upper 
extremities. The muscles of the back and abdominal wall functioned normally. 
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Both legs were slightly spastic, but strength appeared to be normal in all muscle 
groups. There was no atrophy, and fasciculations were not seen. Sensory ex- 
amination revealed a fairly sharp level at the upper border of the eleventh thoracic 
dermatome bilaterally, below which there was anesthesia and marked hypalgesia 
extending down to include the third lumbar dermatome. From the fourth lumbar 
to the second sacral dermatome the hypalgesia was less marked, and light touch 
was appreciated. Over the buttocks the sensory loss was not symmetrical: on 
the right there was moderate hypesthesia and hypalgesia, whereas on the left light 
touch was not appreciated at all, but pinprick produced an intensely painful sensation 
which was poorly localized. Position sense was markedly impaired in the toes 
bilaterally, and vibratory sense was absent below the knees. In placing the heel 
on the knee he showed slight sensory ataxia. His station was unsteady with eyes 
closed, and his gait was moderately ataxic. The abdominal reflexes were present 
except for the left upper, which could not be obtained. The knee and ankle jerks 
were hyperactive bilaterally, and there was sustained ankle clonus on the left. 
The plantar responses were extensor in type. 

ixaminations of the urine and blood showed no abnormality, and the blood 
Wassermann was negative. The spinal fluid was clear and colorless. The initial 
pressure was 110 mm. of water. Manometric tests performed according to the - 
standardized technique of Grant and Cone! suggested partial subarachnoid block. 
The first specimen of fluid removed gave a strongly positive reaction for protein 
(Pandy test), whereas the final specimen gave a negative reaction. The fluid con- 
tained no cells. The Wassermann and colloidal mastic tests were negative. 

Roentgenograms of the spine showed scoliosis to the right starting at the tenth 
thoracic vertebra and extending to the fourth lumbar, with rotation of the bodies 
of the lumbar vertebrae to the right, There was partial spina bifida of the first sacral 
segment with the right lamina lying about 8 mm. beneath the left lamina. The 
lumbosacral articulations could not be distinctly seen. After injection of 2 c.c. 
of iodized oil (Lipiodol) into the cisterna magna, fluoroscopy and films revealed 
a marked delay in the passage of the oil at the level of the eleventh thoracic 
vertebra, the oil passing in a thin stream to the right of an apparent obstruction. 

Following lumbar puncture the patient complained of a slight increase in 
his original symptoms, and examination revealed more pronounced sensory loss 
over the segments previously involved. A tentative diagnosis of intramedullary 
tumor at the level of the eleventh thoracie vetebra was made, and he was trans- 
ferred to the neurosurgical service. 

Operation.—A midline laminectomy incision was made over the lower thoracie 
spines. The spinous process and laminal arch of the eleventh thoracic vertebra 
were resected. On opening the dura an extensive soft arachnoiditis was noted. Just 
below the level of the dural incision a rounded, yellow mass could be seen, ap- 
parently lying within the conus medullaris. The spinous process and laminal arch 
of the twelfth thoracic vertebra were then resected, and the laminal arch of 
the first lumbar vertebra was beveled slightly, giving a dural exposure about 
7 em. in length. On extending the dural incision a very striking picture was seen 
(Fig. 1). A well-demarecated, yellowish-white tumor mass filled the conus medul- 
laris, coming to the surface on the left dorsal aspect of the cord, covered only 
by a thin layer of pia-arachnoid membrane. The tumor measured 35 em. in length 
and 1.5 em. in width and depth, the upper pole being at about the level of the 
third or fourth lumbar segment of the cord. It was slightly nodular. The entire 
mass was gently dissected out of its bed in the cord, and no clearly defined 
membrane could be seen surrounding it. It appeared to be a cholesteatoma. When 
dissecton was completed, there was no evidence of a cyst wall or of any tumor tissue 
remaining in the pocket. 

Postoperative Course.—Immediately after operation the patient had complete 
paralysis and anesthesia of both lower extremities and urinary retention, requir- 
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ing daily catheterization. Within the first week he showed slight return of motor 
function in the right leg. On the eleventh postoperative day he began to void 
spontaneously. He continued to improve slowly, regaining some function in all 
muscle groups of the right leg and ability to move the left toes. There was also 
some return of sensation. He was discharged on the twenty-eighth postoperative day. 
He returned to the outpatient clinic approximately six months after operation, 
reporting slight improvement during the first two months but none since then. 


Fig. 1— Drawing of operative field after retraction of the dura. The main body of the 
tumor lies in the conus, covered only by a thin membrane of pia-arachnoid. 


He was unable to walk, except with crutches. He complained of hesitant micturi- 
tion and complete impotence. On examination he was found to have a spastic 
paraplegia with little useful function in his legs and marked reduction in all 
forms of sensation below the tenth thoracic dermatome. His condition appeared 
to be stationary, and no further change was anticipated. His physician reports 
that he has subsequently returned to work at a sedentary job. 

Pathologic Study.—Grossly the specimen consisted of several small pieces of 
soft, friable, cheesy material of a yellowish color, in which small lumps of a 
slightly firmer consistency could be felt. No encapsulating membrane could be 
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seen grossly and no hairs were present. Microscopic study of several serial sections 
taken from one of the larger fragments, stained with hematoxylin and eosin, 
showed what appeared to be a multiloculated cyst with numerous invaginations 
and outpouchings of its wall (Fig. 2). The cyst wall appeared as a crumpled 
purselike membrane composed of two or more layers of well-preserved basal cells. 
Inside this basement membrane, and closely attached to it, were several layers of 
desquamating squamous cells which had lost their nuclei. These merged with an 
amorphous, vacuolated, necrotic substance in which the only recognizable cells 
were red blood cells, apparently from operative bleeding. Outside the membrane 
there was no supporting tissue, only scattered bits of tissue which, when stained 
with Mallory’s phosphotungstic acid hematoxylin, appeared to be composed of 
interlacing fibers and large nucleated cells resembling nerve cells. It was thought 
that these might represent small pieces of spinal cord substance which had ad- 
hered to the basement membrane during removal of the tumor. No glands or 
hair follicles were seen in any of the sections. There was no evidence of malignant 
change. In a frozen section stained by Herxheimer’s scarlet red the amorphous 
substance was found to contain numerous globules of fat. With the polarizing 
miscroscope, doubly refractile crystals characteristic of cholesterol were identified 
(Fig. 3). The pathologic diagnosis was ‘‘epidermoid of spinal cord.’’ 


DISCUSSION OF CASE 


It is worth noting that this patient had had symptoms referable to 
his lesion since early in childhood. This fact, together with the finding 
of spina bifida of the first sacral segment, should have raised the 
suspicion of a congenital lesion. Spina bifida of the sacral segments 
is not an unusual finding in patients without neurologic complaints, 
but in this ease the fact that the corresponding segment of the cord 
was involved by the tumor makes it highly probable that the two 
conditions were embryologically related. The sensory level was at the 
eleventh thoracic dermatome, and the upper pole of the tumor was at 
the level of the eleventh thoracic vertebra or at the third or fourth 
lumbar segment of the cord. The cutaneous sensory loss between the 
eleventh thoracic and third lumbar’ segments, therefore, must 
have been due either to compression of the nerve roots or to the 
arachnoiditis which was present. The tumor oceupied a cleft between 
the posterior columns of the cord, lying slightly to the left of the midline. 
Practically its entire dorsal surface was exposed, being covered only 
by the pia-arachnoid. It must, therefore, be classified as subpial rather 
than intramedullary. Histologically this tumor was quite remarkable 
in that the basement membrane did not form a definite cyst wall but was 
folded up within the substance of the tumor; in places it was impossible 
to say whether the desquamating epithelium was on the inside or on the 
outside of the membrane. This suggests that the membrane was ac- 
tively proliferating but did not have room to expand, with the result 
that it became folded on itself, entrapping between its folds desquamat- 
ing squamous cells on one side and spinal cord tissue on the other. If 
fragments of spinal cord substance were removed with the tumor, as 
the sections suggest, this would adequately explain the postoperative de- 
velopment of paraplegia and the unsatisfactory surgical result. 
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Fig. 2A.—Photomicrograph showing low-power view of a portion of the tumor. The 
pedunculated nodule in the center of the field is covered by basement membrane, and 
its center consists of degenerative squamous cells and cellular debris. The material 
outside the membrane consists mainly of red blood cells, thought to be artifact result- 
ing from bleeding at operation. (Hematoxylin and eosin stain, 43.) 


Fig. 2B.—Photomicrograph showing stratified squamous epithelium cut in tangen- 
tial section. The blood-filled spaces lined by basal cells represent small invaginations 
of the cyst wall. (Hematoxylin and eosin stain, «160.) 
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REVIEW OF LITERATURE 


The reported cases of dermoid and epidermoid tumors of the vertebral 
canal have been reviewed by Critchley and Ferguson,’ Gross,*? Brad- 
ford,* and most recently by Boldrey and Elvidge.** The cases collected 
by Boldrey and Elvidge, in 1939, number thirty-seven, to which they 
added three of their own. These authors state that in all instances they 


Fig. 3.—Camera lucida drawing of doubly refractile cholesterol crystals, seen with the 
polarizing microscope, in a piece of formalin-fixed tissue from the tumor. 


have assumed the accuracy of the original pathologic diagnosis. I have 
reviewed as much of this literature as is available and am unable to 
accept the following cases as either dermoids or epidermoids, for the 
reasons stated. (The case numbers correspond with the enumeration 
in the authors’ lists.) 


CASE 1 (Eppinger).—The only available reference to this case is in the review 
by Critchley and Ferguson,? and the data given are insufficient to make a diagnosis. 


*A more recent review is to be published by Bagley and Arnold, who have kindly 
permitted me to read their manuscript, 
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Case 6 (Ivanoff).—The original article is unavailable. From the facts given 
in various reviews, this was apparently an anencephalic monster which died at birth 
and was found to have a malformation of the entire cerebrospinal axis. It cannot 
properly be classified as a tumor or cyst. 


Case 7 (Raymond, Alquier, and Courtellemont*).—In this case the principal 
lesion, a frontal lobe dermoid, was adequately proved. The multiple fatty lesions 
in the spinal meninges were apparently not studied microscopically but were as- 
sumed to be dermoids because of gross similarity to the cerebral lesion. 

Case 10 (Frick?).—This tumor contained bone marrow with myeloid cells 
and giant cells, calcium, connective tissue, hair, and blood vessels. It was _ re- 
ported as a case of teratoma and has been so accepted by Hosoi.§ 

Case 13 (Elsberg®).—There is no pathologic description of this tumor. The 
author cites the case as one of questionable dermoid cyst, but the accompanying 
photomicrograph is labeled ‘‘gliomatous (?) cyst.’’ 

CASE 33 (Naffziger and Jones, Case 31°).—This tumor is said to have contained 
connective tissue, calcium, and a substance resembling cartilage. I am inclined to 
regard it as a teratoma. 


The following cases, either omitted or published subsequently, should 
be added to the collection of Boldrey and Elvidge. 


Craig and Mitchell,11 in 1931, reported an 8-year-old boy with a history of 
intermittent back pain, nocturnal incontinence, and weakness of legs for three 
years. There was a dimple in the skin at the level of the fourth lumbar spinous 
process. Neurologic findings suggested tumor of cauda equina. At operation the 
dura was joined to the laminal arch of the fourth lumbar vertebra by a fibrous 
band. A subdural tumor compressed the conus and cauda equina. Diagnosis: 
Cholesteatoma. The patient has improved markedly. 

Bouchut, Dechaume, and Michailidis reported, in 1932, a case reviewed by 
Bradford. It was that of a 71-year-old man with history dating back fifteen 
years, who came to autopsy and was found to have an intramedullary epidermoid 
of the conus medullaris. In addition there was dysembryoplasia of the adjacent 
portions of the cord and syringomyelic cavities. 

Walker and Bucy,!2 in 1934, published a discussion of seven cases of congenital 
dermal sinus. The authors cite one case, originally reported by W. and N. Sharpe, 
in which such a sinus, chronically infected, was associated with an intradural 
cyst containing caseous material and hair. Although no pathologic report was 
given, the authors concluded that this was a dermoid. 

Bradford+ reported a case in 1938. This 3-year-old boy had had symptoms 
for one year, and examination disclosed a flaccid paraparesis, perianal analgesia, 
and a palpable defect in the sacral laminae. The lumbar canal was markedly 
dilated. Operation consisted of incision and evacuation of an intramedullary 
eyst of the conus medullaris. The cyst wall was composed of simple, stratified, 
squamous epithelium. A mural nodule, however, contained hair follicles and 
sebaceous glands in addition to epidermis. The diagnosis was ‘‘dermoid cyst.’’ 
The patient improved somewhat. 

Masson,13 in 1938, reported a 38-year-old man with recurrent attacks of back 
pain and progressive neurologic disturbances for 17 years. There was_ spastic 
paraparesis with the sensory level at the ninth thoracic dermatome. Laminectomy 
revealed a ‘‘pearly tumor’’ at the eighth to ninth thoracic vertebra, lying between 
the pia and arachnoid on the dorsal surface of the cord. It contained hairs, and 
the pathologic diagnosis was -‘dermoid cyst.’’ The patient was relieved of pain 
but the paraparesis became worse. 

Walker and Moore!l4 published an article in 1939. Although reported as a case 
of teratoid tumor, this appears to have been an instance of infected dermal sinus 
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and subdural dermoid cyst, similar to the case of Walker and Bucy described 
previously. Following an acute febrile illness diagnosed ‘‘meningitis,’’ a 3-year-old 
boy developed rapidly increasing weakness of the legs. Examination disclosed 
spastic paraplegia and analgesia below the fifth thoracic dermatome. At the level of 
the ninth thoracic spinous process there was a cutaneous dimple from which hairs 
protruded. At operation a dermal sinus was traced from the dimple down to the 
dura, where it ended in a mass of distorted dermal structures and infected granula- 
tion tissue. Beneath the dura there was a large cyst compressing the cord to a 
mere ribbon. It contained desquamated epithelium, hairs, and debris. Its wall 
was composed partly of epithelium and partly of fibrous granulation tissue. Death 
occurred postoperatively. 

Verbiest,15 in 1939, reported a 65-year-old man who had had mild symptoms 
of spinal cord disease since the age of 12. All forms of sensation were impaired 
below the twelfth thoracic dermatome. The right leg was spastic, the left flaccid 
and atrophied. Lipiodol showed a block at the level of the twelfth thoracic vertebra. 
Laminectomy revealed chronic arachnoiditis and an intramedullary cyst. This 
contained gruellike material which by chemical analysis was found to consist 
of cholesterol, fat, and fatty acids. The capsule was composed of stratified 
squamous epithelium. Diagnosis: Epidermoid cyst. The patient developed post- 
operative sterile meningitis lasting four weeks. His condition was not improved 
by operation. 

Bagley and Arnold16 reported, in 1940, a 9-year-old boy with symptoms which 
brought him to an orthopedist, who found flexion deformities of the knees and 
hips, backward tilting of the pelvis, paravertebral tenderness, and muscle spasm. 
The only abnormal neurologic finding was a hyperactive right knee jerk. Lumbar 
laminectomy revealed a markedly tense dura, incision of which released a large 
amount of soapy material in which cholesterol crystals were identified. An en- 
capsulating membrane was dissected away from the nerve roots, and microscopic 
study of this showed stratified epithelium beneath which there was a well-defined 
layer of connective tissue. Many hairs were found. The diagnosis was dermoid 
cyst and the patient was relieved of all symptoms. 


This revision of Boldrey and Elvidge’s collection brings to forty-two 
the number of reported cases in which critical analysis of the evidence 
justifies the diagnosis of dermoid or epidermoid tumor of the vertebral 
canal; an additional case is reported. In this review the dermoids and 
epidermoids have been grouped together, and this has been the tendency 
of all recent authors. The teratomas, or tumors containing derivatives 
of more than one germinal layer, are usually treated as a separate 
group and have been omitted. These tumors have been reviewed by 
Hosoi® and more recently by Masten.’* To date fourteen cases have 
been reported.* Cases of congenital dermal sinus, as discussed by 
Walker and Buey,'? have also been omitted except for those cases in 
which a definite dermoid cyst within the spinal canal has been demon- 
strated. 

COMMENT 


In the foregoing review no distinction has been made between the der- 
moids and the epidermoids, and it has been the custom of recent authors 
to group these together under the inclusive term ‘‘dermoids.’’ While 


*Since the writing of this paper, L. A. French and W. T. Peyton (Arch. Neurol. & 
Psychiat. 47: 737-751, 1942) have reported two additional cases of teratoma and one 
of epidermoid tumor. 
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this grouping is perhaps justifiable for purposes of historical review, 
considering that the published data often are insufficient to permit an 
accurate pathologic diagnosis, I feel that the clinical features and growth 
characteristics of the two types are sufficiently different to render 
separate discussion advisable. The following. discussion is based upon 
an analysis of the clinical, operative, and pathologie findings in the 
forty-two cases comprising my revised collection of cases, and in the 
one reported here. Wherever possible, reference has been made to the 
original publications for details not mentioned in the reviews. 

In differentiating between dermoids and epidermoids the criteria of 
Ewing" have been employed. He states that the simple dermoid consists 
of epidermis, dermis, and dermal derivatives, such as hair, glands, and 
sometimes teeth. It usually appears in the form of a cyst, commonly 
originating by the inclusion of a portion of ectoderm during the closure 
of embryonal fissures, or at the point of union between ectodermal and 
other structures. In the epidermoid, also known as cholesteatoma, 
definite dermal structures are wanting. This is a tumor composed of 
lamellated, waxy, or scaly material enclosed in a wall of stratified, 
squamous epithelium. It is regularly connected with the meninges. In 
both types disintegration of the epidermal slough gives rise to choles- 
terol crystals, which are found within the eyst. 

Epidermoids.—Eighteen eases in the series are probably epidermoids ; 
in two others the diagnosis of epidermoid is questionable but cannot be 
disproved, so they are included. The onset of symptoms occurred in 
the first decade in two cases, in the second in seven eases, in the third in 
four cases, in the fourth in three cases, and beyond the age of 40 in 
three cases. In one case the tumor was asymptomatic. The usual 
clinical course is that of any benign tumor of the spinal cord, except that 
paraplegia tends to develop more slowly. In two eases, however, the 
symptoms were intermittent and of rapid onset. In the case reported by 
Critchley and Ferguson’ there was a history of cerebrospinal meningitis 
in infaney with complete recovery, transient paraplegia at 7 years of 
age, and rapid recurrence of paraplegia following an attack of in- 
fluenza at the age of 15; the epidermoid was intradural but extra- 
medullary at the seventh to eighth thoracic segments, and there 
was no evidence of encapsulation. Michelson’s patient’? had a history 
of paraplegia lasting six weeks after administration of a spinal anes- 
thetic, followed three years later by a spontaneous episode suggestive 
of acute transverse myelitis; an extramedullary epidermoid lay on the 
posterior surface of the cord at the ninth thoracie vertebra. The ob- 
servations and theories of Verbiest’® offer a possible explanation for 
the occurrence of these acute and transient episodes. In his case, ab- 
stracted above, chronic arachnoiditis was found at the site of a subpial 
epidermoid, and after operation the patient developed a sterile menin- 
gitis lasting four weeks. The author suggested that this was due to 
liberation of fatty acids from the necrotic contents of the cysts, which 
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he demonstrated by chemical analysis. He produced, furthermore, 
sterile meningitis experimentally by injecting fatty acids into the 
subarachnoid space of a dog. He did not go so far as to suggest that 
transverse myelitis might be caused by chemical irritants elaborated by 
the tumor, but in the light of the above mentioned cases this possibility 
is to be considered. In our own ease it furnishes an alternative explana- 
tion for the postoperative paraplegia. 

Spina bifida is not a frequent finding in the cases of epidermoid 
tumor, being reported in only two. One of these is the case reported 
here, in which the first sacral laminae were unfused. Since the tumor in- 
volved the corresponding segment of the cord, it seems likely that this 
represents an embryologic defect common to the spinal cord and verte- 
bral column rather than a chance association. It is quite possible that 
the incidence of spina bifida would be higher if routine x-rays had been 
taken. In no ease has a communicating dermal sinus been reported. 

Epidermoids have been found at all levels of the spinal canal as 
high as the second thoracic vertebra; none has been reported in the 
cervical region. All have been intradural, with one exception, the case 
reported by Museatello and cited by Boldrey and Elvidge.* Here the 
so-called epidermoid was an incidental finding, the principal lesion 
being an extradural dermoid with dermal sinus at a higher level. No 
pathologie details are given, and I have been unable to verify the original 
report. These tumors have been described as extramedullary in ten 
eases and as either intramedullary or subpial in nine cases. All of the 
latter have shown a definite connection with the pia. It is of interest 
that in two cases syringomyeli¢ cavities have been found in the portions 
of the cord adjacent to the tumor, and in one ease the entire central 
canal is described as abnormal. 

Laminectomy was performed in fourteen of the cases of epidermoid 
tumor reviewed. Of these, eight were improved, although in two the 
tumor recurred. Six cases reported as improved had extramedullary 
tumors, and only two had intramedullary or subpial tumors. One case 
was reported as unimproved and two as worse; both of the latter were 
intramedullary tumors. There were two cases of postoperative death, 
and in one case the result was not mentioned. It appears, therefore, 
that the operative results, as in any other class of spinal cord tumor, 
depend largely on the position of the lesion in relation to the cord, 
being vastly better in the case of extramedullary lesions. As previously 
mentioned, the pathologic observations in the case reported here furnish 
an adequate reason for the poor results in dealing with intramedullary 
epidermoids, namely, the irregularity of the capsule with its many in- 
vaginations, including nervous tissue between its folds. For the same 
reason complete removal is rendered difficult, and recurrence is likely. 

Dermoids.—The eases which I have selected include twenty-three der- 
moid tumors of the vertebral canal. In this group the onset of symptoms 
is considerably earlier than in the epidermoids. The first manifestation 
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appeared in the first decade in ten cases, in the second in five cases, 
in the third in four eases, and in the fourth in two eases. In two cases 
the age of onset is not given. Pain in the back and legs is the commonest 
early symptom, being mentioned in nine cases. This may be due to the 
fact that these tumors frequently occupy the lumbar portion of the 
canal where they tend to stretch the dura and nerve roots and may 
attain a considerable size before producing any neurologic deficit. In 
almost every case, however, symptoms of compression were present at 
the time of examination. Dermoids occur most commonly in the lower 
half of the canal, but one case of cervical tumor has been reported. 
In contrast to the epidermoids, they are oftener extramedullary than 
intramedullary, and in five cases the tumor has been entirely extradural. 
Only two cases of intramedullary dermoid have been reported. In 
three cases the tumor lay partly within and partly without the cord, 
spreading apart the posterior columns. In every case of extramedullary 
tumor the position has been dorsal to the cord. Spina bifida correspond- 
ing to the segmental position of the tumor has been reported in seven 
cases. Operation has been performed in nineteen cases with the follow- 
ing results: improved, nine; unimproved, two; reeurred, 1; condition 
worse, 1; postoperative death, three; no mention, three. 

A particularly interesting group of intraspinal dermoids are those 
associated with a congenital dermal sinus (pilonidal sinus). The 
pathogenesis and clinical features of these sinuses have been discussed 
by Walker and Bucy,’® who reported the findings in seven cases which 
they had studied or had collected from the literature. A congenital 
dermal sinus, manifested externally by a small dimple in the midline 
of the back, discharges periodically serous or purulent material. The 
sinus extends to the meninges and its lumen acts as a pathway for 
infection to reach these structures. When this occurs, producing abscess 
formation, signs of meningeal irritation and weakness of the lower 
extremities develop. The spinal fluid, usually sterile, shows a pleocytosis. 
This malformation is usually associated with a spina bifida, but not 
necessarily so. The authors make no comment on the relationship of 
these sinuses to dermoid tumors within the spinal canal, and indeed 
in six of their cases there was no definite evidence of such a tumor. 
In one of their cases, however (Case 6, originally reported by W. and N. 
Sharpe), ‘‘A mass of caseous material containing hair was found im- 
bedded between the dura and the left side of the spinal cord.’’ No 
pathologie description of the tissue was given, but Walker and Bucy 
comment on the presence of hair at the base of the sinus as a ‘‘striking 
point.’’ I am inclined to regard this finding as definite proof that they 
were dealing with an intradural dermoid cyst associated with an in- 
feeted dermal sinus. 

Among the reported cases of dermoid tumors of the vertebral canal I 
have found five similar cases, although in only two of these was there 
definite evidence of meningeal infection. In Ottonello’s case, reviewed 


. 
ag 
BS 
ae 
were 
; 


CRAIG: EPIDERMOID TUMOR OF SPINAL CORD 365 


in detail by Bradford,‘ a 20-year-old woman had had pain in the scapular 
region one year previously, followed by symptoms of progressive cord 
compression. A draining sinus at the third thoracic vertebra, which 
was obstructed in places, communicated through a bifid spinous process 
with a large, extramedullary, dermoid cyst. The symptoms in this ease 
were apparently due to obstruction of the sinus with dilatation of the 
cyst rather than to infection of the cyst itself. Hipsley’s case, also re- 
viewed by Bradford,‘ is similar. In the second case reported by Boldrey 
and Elvidge,® a man, aged 45 years, showed symptoms of a cauda equina 
lesion following immediately upon excision of an anal fistula six 
years previously. At operation a cystic tumor lay among the roots 
of the cauda equina and was attached by a cystic cord to the tip of 
the conus. Microscopically the cyst was a typical dermoid, while the 
cord was composed of loose glial tissue containing portions of an 
ependyma-lined lumen. The authors assumed that the cyst represented 
the original point of attachment of filum terminale to skin, that it was 
pulled upward by normal growth processes, and that radical excision 
of the anal sinus released intravertebral attachments and abolished 
external drainage. Here again there was no evidence of infection. In 
the third ease reported by Boldrey and Elvidge, a child 214 years 
of age had a pigmented spot at the level of the lumbosacral joint, present 
since birth, which had discharged intermittently for nine months. For 
five months the child had had recurrent attacks of meningitis. The only 
neurologic finding, except for signs of meningitis, was absence of the 
ankle jerks. An infected dermoid cyst filled two-thirds of the lumbar 
canal and communicated with the sinus, which passed through a bifid 
spinous process. Finally, the case of Walker and Moore,"* abstracted 
previously, should be included in this group. Here the onset of para- 
plegia followed immediately an attack of meningitis, and the intradural 
cyst was chronically infected. 

That dermal sinuses communicating with the spinal canal are rare is 
evidenced by the observation of Rogers and Dwight,” who stated in 
1938 that in a personal experience with some 400 cases of pilonidal 
sinus they had not yet seen one communicating with the neural canal. 
However, on the basis of the seven cases reported by Walker and Bucy 
and the five cases mentioned here, I feel that its occasional occurrence 
should be kept in mind in dealing with cases of recurrent unexplained 
meningitis or transverse myelitis, and that the presence of a cutaneous 
dimple in the midline of the back or a discharging sinus should con- 
stitute an indication for radical surgical exploration. The condition 
oceurs most commonly in infants, four of the six patients being between 
2 and 3 years of age at the time symptoms developed. Involvement of 
the cord or cauda equina may occur in two ways. The sinus may be- 
come obstructed, causing sebaceous secretion to accumulate within the 
eyst, which then enlarges and compresses the nervous structures; or 
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the cyst itself may become infected from the outside, giving rise to a 
localized meningitis or subdural abscess. In either case the symptoms 
are of sudden or rapid onset, and they tend to be intermittent. 


SUMMARY 


1. A ease of subpial epidermoid tumor of the spinal cord in the 
lumbosacral region is reported. The peculiar histologic appearance of 
the tumor, in which the basement epithelial membrane is thrown up 
into innumerable folds, possibly accounts for the unsatisfactory surgical] 
result which was obtained. 

2. The literature of epidermoid and dermoid tumors of the vertebral 
canal is reviewed, using the collection of reported cases made by Boldrey 
and Elvidge, in 1939, as a basis. This collection is revised by eliminating 
doubtful eases and adding others, and it is believed that forty-two cases 
of this type of tumor have been reported. The addition of the present 
case brings the total to forty-three, of which twenty are probably 
epidermoids and twenty-three are probably dermoids. 


3. In general, the epidermoids and dermoids behave very much as do 
other types of spinal tumor in similar locations. Certain aspects of 
their symptomatology deserve special mention. In the case of the epi- 
dermoids, sterile inflammatory reactions such as meningitis and acute 
transverse myelitis occasionally occur. There is some evidence that 
these are due to fatty acids formed within the eyst and liberated ‘into 
the subarachnoid space. Dermoid tumors are occasionally associated 
with congenital dermal (pilonidal) sinuses. Obstruction of such a 
sinus may result in sudden exacerbation of pressure symptoms. In- 
fection reaching the meninges via these sinuses may give rise to septic 
meningitis or localized subdural abscess. 

4. The preoperative recognition of these tumors is not always possible, 
but a history of symptoms beginning early in life, the finding of a 
cutaneous dimple or a discharging sinus in the midline of the back, 
or the presence of spina bifida corresponding to the involved segment 
of the spinal cord, should suggest that one is dealing with a congenital 
cystic tumor of epidermoid or dermoid type. 


The author wishes to acknowledge the assistance of Dr. Barnes Woodhall and Dr. 
c. C. Erickson in the study of this case. Mr. E. H. Clark made the drawings. 


REFERENCES 


. Grant, W. T., and Cone, W. V.: Graduated Jugular Compression in the Lumbar 
Manometric Test for Spinal Subarachnoid Block, Arch. Neurol. & Psychiat. 
32: 1194-1201, 1934. 

Critchley, M., and Ferguson, F. R.: The Cerebrospinal Epidermoids (Choles- 
teatomata), Brain 51: 334-384, 1928. 

Gross, S. W.: Concerning Intraspinal Dermoids and Epidermoids, With Report 
of a Case, J. Nerv. & Ment. Dis. 80: 274-284, 1934. 

. Bradford, F. K.: Intramedullary Dermoid Cyst, Ann. Surg. 107: 107-115, 

1938. 

. Boldrey, E. B., and Elvidge, A. R.: Dermoid Cysts of the Vertebral Canal, 

Ann. Surg. 110: 273-284, 1939. 


ro 


7 
Me 
4 
Line, 
| 
a 


CRAIG: EPIDERMOID TUMOR OF SPINAL CORD 367 


. Raymond, F., Alquier, L., and Courtellemont, V.: Un cas de kyste dermoide 
des centres nerveux, Rev. neurol. 12: 635, 1904. 

. Frick, K.: Ueber ein Teratom des Ruckenmarks, Frankfurt. Ztschr. f. Path. 
7: 127-134, 1911. 

. Hosoi, K.: Intradural Teratoid Tumors of the Spinal Cord, Arch, Path, 11: 
875-883, 1931. 

. Elsberg, C. A.: Tumors of the Spinal Cord, New York, 1925, Paul B. Hoeber, 
Ine. 

. Naffziger, H. O., and Jones, O. W.: Dermoid Tumors of the Spinal Canal, 
Arch. Neurol. & Psychiat. 33: 941-958, 1935. 

. Craig, J., and Mitchell, A.: Spinal Tumors in Childhood, Arch. Dis. Childhood 
6: 11-16, 1931. 

. Walker, A. E., and Bucy, P. C.: Congenital Dermal Sinuses: A Source of 
Spinal Meningeal Infection and Subdural Abscesses, Brain 57: 401-421, 
1934. 

. Masson, C. B.: Dermoid of the Spinal Cord: Report of a Case in Which 
There was Removal With Improvement, Arch. Neurol. & Psychiat. 40: 
554-562, 1938. 

. Walker, A. A., and Moore, C. H.: Tumors of the Spinal Cord in Children, 
Report of a Case of Teratoid Tumor, Am. J. Dis. Child. 57: 900-906, 1939. 
. Verbiest, H.: Die Epidermoide des Riickenmarkes, Analyse eines Falles, zugleich 
Beitrag zur Frage der Entstehung der aseptischen Meningitis nach epi- 
dermoidoperationen, Zentralbl. f. Neurochir. 4: 129-141, 1939. 

. Bagley, C., and Arnold, J. C.: Unusual Symptomatology of Cauda Equina 
Tumors. Report of a Case of Dermoid, With a Review of the Literature 
of Dermoid and Teratomatous Tumors of the Vertebral Canal, Tr. Am. 
Neurol. A. 66: 171-175, 1940. (Preliminary report. Final report, with re- 
view of literature, to be published.) 

. Masten, M. G.: Teratoma of the Spinal Cord, Arch. Path. 30: 755-761, 1940. 

. Ewing, James: Neoplastic Diseases, Philadelphia, 1931, W. B. Saunders 
Company. 

. Michelson, J.: Cholesteatom des Ruckenmarks, Deutsche Ztschr. f. Nervenh, 127: 
123-130, 1932. 


20. Rogers, H., and Dwight, R. W.: Pilonidal Sinus, Ann. Surg. 107: 400-418, 


1938. 


6 OF 
- 
8 
10 
1] 
12 
- Us 
14 
15 
Hoye 
16 
- 
17 
18 
4 
i's 
ia 
j 


PARAPHYSIAL CYSTS OF THE THIRD VENTRICLE 


DIAGNOSIS AND SURGICAL MANAGEMENT 


LAURENCE M. WEINBERGER,* M.D., AND BENJAMIN BosuHes,t M.D. 
Curcaco, 


ESCRIBED under various names, reflecting uncertainty as to origin, 

the small, benign, encapsulated, cystic tumors occupying the third 
ventricle of the brain, for many years engaged the interest only of 
embryologists and pathologists. Clinical diagnosis eluded the neurologist. 
Could he have localized such a tumor by an inspired guess, few surgeons 
would have had the temerity to approach such a hidden and apparently 
inaccessible portion of the brain. The invention of cerebral pneu- 
mography and the modern refinements of neurosurgical technique made 
possible both the diagnosis and removal of these tumors. 


In 1933, Dandy’ included in his monograph on benign tumors of the 
third ventricle, experiences with the surgical treatment of five tumors 
which he termed colloid cysts, that name being purely a descriptive one. 
There were four successful results. In the same year, Zimmerman and 
German reported a case successfully operated upon by Harvey.? Since 
that time, there have been eleven additional successful operations.*-® All 
told, up until 1941, sixteen recoveries from twenty surgical attempts have 
been recorded. In addition, Zeitlin and Lichtenstein” refer to a recovery 
obtained by Oldberg. One of us (L. M. W.) has personal knowledge of 
two other recoveries, neither having been published. Judging from the 
published reports, one might get the impression that the rate of surgical 
recovery is high, but doubtless there have been surgical failures that 
have not found their way into the literature. 


While the true relationship between surgical recovery and mortality 
rate is only speculative, it is probably less than is indicated by the 
previous figures. These tumors are rare, not more than 60 or 65 cases} 
having been recorded. In the majority of instances they have been un- 
expected post-mortem discoveries. 

The embryology of paraphysial cysts, their clinical manifestations, and 
histologic variations have been thoroughly discussed in several extensive 
articles* * ° so that little more than brief mention will be made of these 
features. In addition to reporting one more patient upon whom opera- 
tion was performed successfully, it is our principal object to review the 


*Adjunct Neurosurgeon, Michael Reese Hospital. 

yAssistant Professor of Neurology and Psychiatry, Northwestern University Medi- 
cal School, Attending Neuropsychiatrist to Passavant Memorial Hospital and St. 
Luke’s Hospital. 

Received for publication, June 24, 1942. 

tThe various reviews cite different figures for the number of cases of paraphysial 
cysts reported. Stookey,* 1934, collected a total of 37 cases, McLean,’ 1936, 49 cases, 
Rehbock,” 1936, 55 cases, Larson, 1940, 57 cases and Zeitlin and Lichtenstein, 1940, 
68 cases. 
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diagnostic and operative methods used heretofore with tumors of this 
kind. Since only a few surgeons have had experience in removing these 
tumors, the pioneer methods developed in attacking the surgical prob- 
lems-have varied considerably. Paraphysial cysts are favorable lesions; 
therefore, it seems desirable at this time to pool all the experiences in 
order to establish a standardized surgical management. 


CASE REPORT 


R. D. F. (Case No. 99562).—The patient, a young married woman 22 years of age, 
was admitted to the Michael Reese Hospital Aug. 24, 1941. The patient had been 
entirely well until approximately three weeks before admission when she was awakened 
early one morning by an agonizing headache. She vomited in a few minutes. The 
headache gradually diminished but persisted throughout most of the day. The fol- 
lowing morning the same sequence of events occurred; this repeated itself each suc- 
ceeding day. By late afternoon, the headache generally wore off, and the patient 
was comfortable. The headaches were felt mainly in the frontal and occipital areas 
and were described as ‘‘pushing’’ or ‘‘pressing.’’ Some weeks after operation the 
patient remembered that the headaches were associated with changes in posture, 
either setting in or becoming intensified when she was flat. She further recollected 
that when her husband urged her to lie down because she was ill, the headaches in- 
variably became worse. They were less severe if she was ‘‘up and around.’’ She 
found that when she propped herself up on pillows, the early morning headaches were 
less severe. Four or five days before admission she began to experience bouts of pain 
in the back of her neck which radiated down into her shoulders and arms, During 
these attacks, her hands felt numb and there was a ‘‘yoke of pain across the 
shoulders.’’ A few days before admission she suddenly saw double and this difficulty 
persisted. There had been no previous illnesses or injuries. She had successfully 
completed a college course a year before, had married and was actively working on a 
farm at the time of the onset of her illness. 

Physical Examination.—The general physical examination was entirely negative. 
She was a robust girl in apparent good health. No mental disturbances were observed. 
There was a palsy of both external recti muscles, the left more marked than the 
right. Examination of the fundi showed a bilateral papilledema of 4 diopters and 
the presence of many flame-shaped hemorrhages. Visual acuity was 20/30 in either 
eye and the visual fields were full. The remainder of the neurologic examination was 
essentially negative. Plain roentgenograms of her skull showed nothing remarkable. 
The clinical impression was brain tumor which, however, could not be localized. 
Ventriculography was deemed necessary to afford a precise diagnosis. 

This was performed Aug. 29, 1941. Two burr holes were placed in the occipital 
region on either side. Both ventricles were struck at a depth of 3 em. beneath the 
surface of the cortex. Two cubic centimeters of indigo-carmine dye were injected 
into the left lateral ventricle. The right lateral ventricle was then drained of fluid, 
90 ¢.c. in all being obtained, but no dye appeared. It was evident from this observa- 
tion that the intraventricular foramina on one or both sides were obstructed. The 
left lateral ventricle was then drained of fluid and an exchange with air made, 90 ¢.c. 
of fluid being obtained. The films showed a marked dilatation of both lateral ven- 
tricles (Fig. 1, 4). No air was visualized within the third ventricle in any position 
of the head. The air shadows in both intraventricular foramina were sharply cut off 
(Fig. 1, B). A diagnosis was made of a tumor occupying the anterior portion of 
the third ventricle. 

Twenty-four hours after ventriculography, the patient became drowsy, restless, 
and irrational. She complained of severe headache and loss of vision, She was able 
to distinguish only large moving objects. The second evening her pulse rate dropped 
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to 60 per minute and she became so torpid that it was necessary to tap the ventricles 
several times during the night. The fluid was under considerable pressure and after 
each tap she improved for a few hours. Operation was performed as an emergency 
measure Aug. 31, 1941. 

Operation——The operation was performed using only procaine infiltration of the 
scalp. A moderately large, right frontal osteoplastic flap was reflected, the dura 
opened in a circular fashion from the base upwards, and the dural flap reflected over 
the longitudinal sinus. A vertical (dorsoventral) transcortical incision, 5 cm. long, 
was made two inches anterior to the rolandie vein. The incision was carried down 
through the subcortex until the right lateral ventricle was entered. This was packed 
anteriorly and posteriorly with wet cotton to support the ventricular walls. Lighted 
retractors were introduced. The choroid plexus lying on the ventricular floor was 
identified and followed until it entered the foramen of Monro. The foramen was 
collapsed and appeared as a narrow slit below a thin, bulging septum lucidum. Be- 
cause it appeared that it might be necessary to enlarge the foramen of Monro to 
gain access into the third ventricle, the terminal 1 em. of the choroid plexus was 
coagulated with the electrosurgical unit. While the plexus was being handled with the 
bayonet forceps, traction was exerted slightly and for a moment a glistening tumor 


Fig. 1.—Both lateral ventricles are widely dilated, the left more than the right. 
The arrow in A points to the sharply cut-off air shadow in the dilated foramen of 
Monro. The third ventricle is not visible in any position of the head. Both lateral 
—— were punctured and the fluid exchanged for air, The septum lucidum is 
intact. 


appeared in the orifice of the foramen of Monro. The tumor was grasped with an- 
other pair of forceps and with gentle teasing it was possible to slip the entire tumor 
through the foramen into the lateral ventricle. The tumor was about the size of a 
small cherry and appeared to be a thin-walled translucent cyst with fine vessels 
traversing the surface. It was attached to the portion of the choroid plexus within 
the third ventricle. This attachment was coagulated and cut. Slight bleeding fol- 
lowed from small veins about the foramen of Monro but these were controlled with 
cotton packs. Before withdrawing, the septum lucidum was punctured in order to 
insure drainage from the right to the left lateral ventricle, as it was anticipated 
that the right foramen of Monro might be blocked for a few days from edema. 
A thin split Penrose drain was placed within the lateral ventricle and brought out 
through a centrally placed incision in the dural flap which was tightly resutured in 
place. The bone flap was returned and wired into place and the drain led out be- 
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neath the skin flap through a posteriorly placed stab wound. The condition of 
the patient was good throughout the procedure and at the conclusion she was re- 
sponding. 

Postoperative Course.—Four hours after operation the patient was responding to 
questions and moving her left extremities weakly. For the first four days her gen- 
eral condition was good and she was quite bright, although the temperature rose as 
high as 103.6° F. There was copious drainage of slightly blood-tinged cerebrospinal 
fluid for the first forty-eight hours, after which period the drain was removed. On 
the fifth postoperative day the patient vomited a feeding and shortly thereafter 
had a left-sided Jacksonian convulsion lasting an hour. Her lateral ventricle was 
tapped and deeply bloody fluid obtained. It was suspected that the vomiting attack 
had ‘‘blown’’ a thrombus out of the end of a small intraventricular vessel. - For the 
subsequent week she was torpid and restless, complained of severe pain in her neck, 
and was irrational from time to time. The temperature ranged between 100 and 


Fig. 2.—A, Cross section through the cyst enlarged about three times normal size. 
A small amount of homogeneously staining colloid material remains within the cyst. 

B, An enlargement of the outlined square in A. The attachment of the choroid plexus 
CP to the cyst wall CW is clearly shown. The fusion of the two layers of the fibro- 
vascular investment FVI derived from the tela choroidea is shown at the pedicle of 
the tumor P. It will be noted that the epithelial lining of the cyst has two layers of 
fused tela choroidea enclosing it, as indicated by the arrows beneath the letters FVI. 

C and D are higher magnifications of the cyst wall. In CO some areas of the epi- 
thelium are of columnar type. In D the typical single layer of ciliated cuboidal epi- 
thelium CH is shown. 
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102.6° F. but subsided gradually and became normal by the seventeenth postoperative 
day. At this time the ventricular and spinal fluid were xanthochromic. Indigo- 
earmine dye instilled in the right lateral ventricle was promptly recovered from the 
left ventricle and appeared also in the spinal canal in a few minutes. The power of 
her left extremities rapidly improved during the postoperative period, vision was 
returning and she became alert and cheerful. She was up in a wheel chair on the 
eighteenth day and walking on the fwentieth. She was discharged twenty-one days 
after operation. At this time there was no gross weakness of the left extremities 
although a Babinski sign was present. The left angle of her mouth drooped slightly. 
The ocular palsies had disappeared and the papilledema was subsiding. She was able 
to read newsprint easily. Mental examination showed only a moderate psychomotor 
retardation and an unwarranted jocularity. 


Fig. 3.—Photograph of the patient taken seven weeks after operation. The only 
residual neurologic sign at this time is a slight weakness of the left side of the face 
which is demonstrated by her smile. , : 


Four months after operation, the patient had almost entirely recovered. She was 
taking full part in social activities and had returned to her farm work. Visual acuity 
was 20/20 in either eye and the visual fields appeared full. The fundi were normal 
with no evidence of optic atrophy. Neurologic examination was negative except for 
a slight weakness of the left angle of the mouth (Fig. 3). There were no complaints 
referable to the nervous system. 
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PATHOGENESIS AND ANATOMIC CONSIDERATIONS 


Paraphysial cysts are now recognized-as arising from the paraphysial 
body, an ancient gland situated in the midline of the rostral portion of 
the roof of the third ventricle! It is found in all vertebrates and 
reaches an especially high development in amphibians and reptiles.’? 
Francotte’ first identified its presence in the early human embryo. 
Krabbe"* found that its evolution and involution was rapid, the structure 
first appearing at about the seventy-fifth day of gestation (20 mm. stage) 
and disappearing shortly thereafter. In some individuals, remnants of 
the gland apparently persist throughout fetal life and presumably en- 
large slowly during postnatal existence by retention of the products of 
the secreting epithelial cells. Indeed, small and clinically insignificant 
paraphysial cysts have been observed as incidental findings at autopsy." 
McLean‘ has fully described the life histories of these tumors. As they 
increase in size and become heavier, they sag downward upon the tela 
choroidea and in this way are eventually enfolded by the layers of the 
tela (Fig. 4). This intimate investment by the tela choroidea has led to 
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Fig. 4.—Adapted with modifications from Fig. 180 B of Larsell.** The formation of 
the primitive choroid plexuses is illustrated diagrammatically. A paraphysial cyst has 
been drawn in. It is shown sagging down upon the tela choroidea and, in turn, being 
enveloped by it. As the cyst enlarges and the pedicle thins, the choroid plexuses of 
the third ventricle will fuse at the pedicle. The cyst eventually is invested with the 
two layers of the tela choroidea which comprises the outer fibrovascular investment. 


the erroneous conclusion by some writers that the cysts are derived from 
the choroid plexus. Although this pathogenetic conception is incorrect, 
these tumors are indeed intimately bound to the choroid plexus and tela 
choroidea. This raises surgical problems that will be more fully dealt 
with in later paragraphs. In time, if growth continues, the cyst enlarges 
until it occupies and fills the anterior portion of the third ventricle, 
eventually obstructing the intraventricular foramina. Since the tumors 
are exactly in the midline and are usually round, both foramina are 
likely to be blocked equally. The interference with drainage of the cere- 
brospinal fluid from the lateral ventricles into the third ventricle 
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ultimately results in a dilatation of the lateral ventricles which is gen- 
erally symmetrical. Since, in some eases, the duration of symptoms has 
been short while necropsy or ventriculographie study has disclosed very 
large lateral ventricles, the conclusion seems inescapable that gradual 
dilatation of these chambers.from an incomplete block may occur and 
yet cause no symptoms. The onset of violent headache, vomiting, and 
papilledema apparently occurs when the last bit of flow through the 
intraventricular foramina of one or both ventricles is completely ob- 
structed. There is considerable reason to believe that impaction of the 
tumor into one or both foramina may occur for transient periods. Such 
episodes are marked by the sudden appearance of pronounced evidences 
of intracranial hypertension. The symptoms may subside even as 
abruptly. The explanation for this curious phenomenon is the fact that 
there is a certain degree of mobility to these pendulous tumors which 
hang from the roof of the third ventricle. A change in position of the 
head may dislodge the tumor enough to obstruct the intraventricular 
foramina suddenly and completely. Stookey thinks that yet another 
mechanism comes into play. The lesser veins of Galen are formed within 
the intraventricular foramina by the confluence of the veins of the 
choroid plexus and the veins draining the caudate nucleus and thalamus. 
Dislodgment of the tumor through alterations in position of the head, 
according to Stookey, compresses the lesser veins of Galen at their origin 


causing venostatiec edema of the basal ganglia as well as an increased 
secretion of cerebrospinal fluid due to the raised venous pressure in the 
choroid plexus. This latter phenomenon is thought to produce a vicious 
cirele leading to a rapid and great increase of pressure within the lateral 
ventricles. Whatever the correct explanation may be, sudden death is 
not an uncommon ending to these episodes. 


DIAGNOSIS 


As McLean pointed out, the third ventricle being a cavity, tumors in 
it ean have no distinctive symptomatology except those due to an ob- 
structive hydrocephalus. Yet adventitious neurologic symptoms and 
signs may, and frequently do, appear from direct compression of neigh- 
boring neural structures. Direct injury of the hypothalamic nuclei in 
the floor and walls of the third ventricle may give rise to diabetes 
insipidus, obesity and genital dystrophy, and on several occasions has 
produced curious attacks characterized by flushing, lacrimation, sweat- 
ing, and other evidences of a diffuse sympathetic discharge, the so-called 
diencephalic epilepsy of Penfield.‘° Focal paralyses and oculomotor dis- 
turbanees have also been noted and many other neural disturbances for 
which the pathogenetic explanation is not clear. However, analysis of 
the numerous published protocols easily convinces one that no syndrome 
ean be constructed which is typically produced by these tumors. While 
most neurologic writers subscribe to this view, some believe that a diag- 
nostic symptom is the occurrence of violent headache with alteration in 
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the position of the head. An explanation of this has been given in a 
previous paragraph. It must be pointed out, however, that the spectacu- 
lar character of the phenomenon has made a greater impression than is 
warranted by the number of cases in which it has been seen. In those 
cases in which the patient came to operation, the sign was observed only 
in five instances (Table I) and in our ease, which is included in the five, 
its existence became known only long after operation when the patient 
was pointedly questioned. Stookey found in an analysis of the literature 
that 39 per cent of patients had this symptom.’ Nevertheless, it must be 
admitted that this sign, while suggestive, is not pathognomonic sinee it is 
occasionally observed with tumors of the fourth ventricle or those within 
the lateral ventricle. There have been three instances where the correct 
diagnosis was suspected or at least suggested and in none of these were 
postural headaches observed. More common but less dramatic has been 
the intermittency of the symptoms, periods of violent headache and 
vomiting appearing and vanishing with comfortable or entirely symptom- 
free intervals. This fact is perhaps of statistical value, but again 
surgeons of experience would hardly venture a diagnosis of tumor within 
the third ventricle on this ground alone, since intermittent headaches are 
so commonly experienced from tumors of various kinds in different loca- 
tions. 


Not only is a syndrome diagnostic of these tumors lacking, but a re- 


view of the literature reveals the somewhat astonishing fact that they 
may exist without producing evidence of intracranial hypertension al- 
though they cause other ominous symptoms. Slowly progressive de- 
mentia,?” 78 a chronic convulsive state, primary optic atrophy, and other 
symptoms not ordinarily ascribed to intracranial pressure may comprise 
the clinical picture of paraphysial cysts. 

Again, the histories of cases with paraphysial cysts show so many 
vagaries that little is obtained for diagnostic purposes from a study of 
the records. The first manifestations may announce themselves with 
apoplectiform rapidity, sudden coma and death terminating in a few 
hours what has apparently been a healthful life.* On the other hand, 
neurologic evidence for what appears to be diffuse degeneration of the 
nervous system may exist for years, symptoms of tumor being conspicu- 
ous by their absence. These considerations lead one to the view that 
diagnosis, with rare exceptions, depends upon evidence afforded by 
pneumography. Indeed, in operations which have been carried out for 
paraphysial cysts, pneumographie study has been relied upon as the 
final arbiter and in every instance has preceded surgery, the pre- 
pneumographie diagnosis usually having been unlocalized brain tumor. 

The details of the pneumographie findings have been carefully de- 
seribed, first by Dandy’ and later more fully by Davidoff and Dyke.* 
They vary somewhat, minor differences depending upon the completeness 
of the block of the intraventricular foramina, the integrity of the septum 
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TABLE 


SUMMARY OF CLINICAL, DIAGNOSTIC, AND OPERATIV: 


AUTHORS AND 
SURGEONS 


DURATION 
OF SYMP- 
TOMS 


CLINICAL HISTORY 


NEUROLOGIC FINDINGS 


W. E. Dandy 
Case 1 
1933 


9 Mo. 


Severe and continuous head- 
aches 


Bilateral papilledema of { 
diopters; weakness of right 
sixth nerve 


W. E. Dandy 
Case 2 
1933 


Recurrent bouts of headache 
and vomiting ; fainting 
spells; disturbances in equi- 
librium, diplopia, and failing 
memory 


Mentally dull; bilateral papil. 
ledema; slight bilateral exop. 
thalmos; suggestive Romberg 
sign 


W. E. Dandy 
Case 3 
1933 


Repeated bouts of headache; 
one tonie convulsion; diplo- 
pia and strabismus 


Enlarged head; bilateral papil 
ledema, strabismus; diagnosis 
of intraventricular tumor 
made on basis of periodic at- 
tacks 


W. E, Dandy 
Case 5 


ono 


Repeated bouts of severe head- 
ache, dizziness and vomiting 
precipitated by change in 
position of head; occasional 
loss of consciousness in at- 
tacks and bradycardia as low 
as 44 per minute in attacks 


Neurologic examination nega: 
tive, fundi normal, ventricu- 
lography performed because 
of history 


H. M. Zimmer- 
man, and 
W. J. German 
Case 1, 1933 
(Operation 
by Sam 
Harvey) 


Recurrent attacks of headache, 
weakness and drowsiness of 
increasing severity and fre- 
quency; two episodes of un- 
consciousness; sweating and 
flushing attacks; blurring of 
vision 


Bilateral papilledema of 4 
diopters; clinical impression, 
tumor of third ventricle 


Byron Stookey 
Case 2 
1934 


Severe bitemporal headache, 
blurring of vision, tinnitus 


Bilateral papilledema of 2 to 
3 diopters 


Byron Stookey 
Case 3 
1934 


Onset with spells of dizziness 
and weakness; later con- 
tinuous headaches and drowsi- 
ness, polydipsia and polyuria, 
exophthalmos; one fainting 
spell 


Bilateral papilledema and bilat 
eral exophthalmos; obesity 
and hirsutism 


C, B. Mason 
Case 2 
1934 


One week severe headaches fol- 
lowed by 5-year symptom- 
free interval; one month be- 
fore admission developed 
severe headaches and series 
of convulsions, vomiting at- 
tacks and failing vision 


Bilateral papilledema, reduced 
vision, inferior nasal defect 
in field of right eye; clinical 


impression, tumor of third 
ventricle or bifrontal tumor 
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WEINBERGER AND BOSHES: 


I 


DaTA ON 17 CASES OF PARAPHYSIAL CYSTS 


PARAPHYSIAL CYSTS 


PNEUMOGRAPHIC DIAGNOSIS 
AND FINDINGS 


METHOD OF OPERATIVE 
REMOVAL 


POSTOPERATIVE COURSE 
AND RESULTS 


Ventriculography; both lateral 
ventricles dilated and _ not 
communicating, no third ven- 
tricle visible 


Right 


hemisphere retracted 
from falx; corpus callosum 
split and body of right lat- 
eral ventricle entered. Fora- 
men of Monro identified and 
margin split anteriorly, tumor 
removed in toto 


Stormy; temp. 102 to 104° F. 


for 17 days; light hemiplegia. 
Hemiparesis 103 years later 


Ventriculography; marked dila- 
tation of both lateral ven- 
tricles which intereommuni- 
eated through ruptured sep- 
tum; no third ventricle visible 


Left hemisphere retracted from 


falx; posterior half of corpus 
callosum split and tela 
ehoroidea divided. Cyst 
aspirated and wall dissected 
free 


Ventriculography; air injected 
in one lateral ventricle 
showed dilatation but did not 
pass to other lateral ventricle. 
Some air seen in the third 
ventricle which outlined fill- 
ing defect in the anterior 
portion 


Horseshoe-shaped block of tis- 


sue resected from right fron- 
tal lobe and lateral ventricle 
entered; anterior margin of 
foramen of Monro split, cyst 
aspirated, and wall dissected 
free 


Temp. 99 to 102° F. for 17 
days; complete recovery 


Uneventful recovery 


Ventriculography; huge dilata- 
tion of both lateral ventri- 
cles. No air visible in the 
third ventricle 


Right occipital craniotomy and 


posterior portion of right 
hemisphere retracted from 
falx. Corpus callosum split 
and lateral ventricle entered ; 
foramen identified and en- 
larged anteriorly, cyst con- 
tents aspirated, and wall dis- 
sected free. 


Mental confusion and _ spatial 


disorientation for several 
weeks; abnormal tempera- 
ture for 5 weeks. Well 6 
months later except for mild 


mental disturbances 


Ventriculography; both  ven- 
tricles injected and _ huge 
dilatation observed. No third 
ventricle visible 


Encephalography; lateral ven- 
tricles dilated. Air in the 
third ventricle outlining tu- 
mor in the anterior portion 


Two-stage operation; first stage 


transcortical incision through 
right frontal lobe into lateral 
ventricle and tumor visual- 
ized. Second stage, ventricle 
re-entered, foramen of Monro 
enlarged posteriorly, tumor 
dissected free from choroid 
plexus 


Fever 101° F. for one week, 


then uneventful recovery 


First stage, right subtemporal 


decompression. Second stage, 
transcortical incision through 
right frontal lobe into lateral 
ventricle. Cyst extracted 
through dilated foramen of 
Monro 


Visual 


impairment and dis- 
orientation for 4 weeks; com- 
plete recovery in 3 months 


Ventriculography; both lateral 
ventricles greatly dilated. No 
third ventricle visualized 


Transcortical incision through 


right frontal lobe into lateral 
ventricle; tumor seen filling 
dilated foramen of Monro, 
cyst contents aspirated, and 
wall dissected free 


Uneventful and 


complete re- 
covery except for poor vision 


Ventriculography; dilated lat- 
eral ventricles communicat- 
ing. Air in the third ventricle 
outlining a tumor in the 
anterior portion 


Transecortical incision in right 


frontal lobe made through 
small horizontal dural slit. 
Lateral ventricle entered, 
foramen of Monro enlarged 
anteriorly, cyst contents cu- 
retted out, and wall dissected 
free 


Uneventful and 


complete re- 
covery 
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TABLE 


AUTHORS AND 
SURGEONS 


AGE 
AND 
SEX 


DURATION 
OF SYMP- 
TOMS 


CLINICAL HISTORY 


NEUROLOGIC FINDINGS 


L. M. Davidoff, 
and C. Dyke 

Case 4 

1935 


19 
M 


10 Mo. 


Severe headaches induced by 
flexion of neck; headaches 
progressively more severe, 


flashes before eyes, one faint- 
ing spell 


Bilateral papilledema 


L. M. Davidoff, 
and C. Dyke 

Case 5 

1935 


Early complaints of mild in 
termittent headaches, tran- 
sient blurring of vision and 
one convulsion; later severe 
headaches induced by change 
of posture 


Bilateral papilledema 


L. M. Davidoff, 
and C. Dyke 

Case 7 

1935 


J, F. Paterson, 
and M. Leslie 
1935 


Sudden onset of severe con- 
tinuous temporal and frontal 
headaches 


Bilateral papilledema 


Recurrent attacks of headaches 
becoming more severe and ac- 
companied by dizziness, 
vomiting and unconscious- 
ness ; progressive visual 
failure 


Bilateral papilledema; vision 


half reduced 


A. J. MeLean 
Case 2 
1936 


W. J. Gardner, 
and 
O. Turner 
193 


Amblyopia on change of 
posture; recurrent attacks of 
headache and vomiting in- 
duced and relieved by change 
in posture; diplopia 


Bilateral papilledema, weakness 
of right external rectus, left 
central facial weakness, nys- 
tagmus, unsteadiness of gait, 
dysmetria and ataxia of 
arms; clinical impression, 
chronic arachnoiditis 


Severe frontal headaches and 
attacks of head pain; failing 
vision 


Bilateral papilledema;__intra- 
spinal pressure, 250-300 mm. 
of water 


M. A. Shaver 

Case 1, 1940 

(Surgeon W. 
Keith) 


Recurrent attacks of headache 
and vomiting becoming pro- 
gressively more severe 


Bilateral papilledema 


M. A. Shaver 

Case 2, 1940 

(Surgeon, K. G. 
Mc Kensie ) 


Progressive visual failure 


Bilateral papilledema 


L. M. Wein- 
berger, and 
B. Boshes 

1942 


Sudden onset of severe con- 
tinuous headaches associated 
with vomiting attacks; head- 
aches aggravated by supine 
position, relieved by erect 
posture; diplopia 


Bilateral papilledema of 6 diop- 
ters; bilateral external rectus 
palsies; clinical impression, 
unlocalizable brain tumor 
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PNEUMOGRAPHIC DIAGNOSIS 
AND FINDINGS 


METHOD OF OPERATIVE 
REMOVAL 


POSTOPERATIVE COURSE 
AND RESULTS 


Encephalography; symmetrical 
dilatation of lateral ven- 
tricles. Air in the third ven- 
tricle outlining -a tumor in 
the anterior portion 


Transcortical incision through 
right frontal lobe into lateral 
ventricle. Tumor seen in 
dilated foramen of Monro. 
Cyst aspirated and wall dis- 
sected free 


Moderate fever 3 weeks and 
then complete recovery 


Ventriculography; both lateral 
ventricles dilated. No third 
ventricle visible and = air 
shadows in foramina of 
Monro sharply cut off. 
Shadow of tumor seen be- 
tween lateral ventricles 


Transcortical incision through 
right frontal lobe into lateral 
ventricle. Tumor seen in 
dilated foramen of Monre. 
Cyst contents evacuated and 
wall dissected free 


Fever for several weeks; 
covery. Status(?) 


re- 


Encephalography; lateral ven- 
tricles dilated. Air in third 
ventricle outlined tumor in 
anterior portion 


Transcortical incision through 
right frontal lobe into lateral 
ventricle. Cystie tumor pro- 
jected through dilated fora- 
men of Monro, cyst contents 
removed, and wall dissected 
free 


Stuporous and hemiplegic for 
several days; moderate hemi- 
paresis and mental confusion 
6 weeks later 


Ventriculography; marked dila- 
tation of both lateral ven- 
tricles. No third ventricle 
visible. Indigo-carmine dye 
passed readily from one lat- 
teral ventricle to other 
through ruptured septum 
lucidum 


Ventriculography; one lateral 
ventricle was injected and ap- 
peared markedly dilated. Air 
did not cross to other lateral 
ventricle but a small amount 
was seen in the third ven- 
tricle which outlined filling 
defect in anterior portion 


Block of right frontal lobe re- 
sected and ventricle entered. 
Tumor seen in dilated fora- 
men which was enlarged an- 
teriorly; tumor removed in 
toto 


Fever for 6 days up to 102.4° 
F.; mental confusion for 2 
weeks. Two convulsions in 
postoperative period and com- 
plete recovery in 8 months 


Wedge-shaped block of tissue 
resected from left frontal 
lobe and lateral ventricle en- 
tered. Tumor blocked fora- 
men of Monro. Cyst evacu- 
ated and wall dissected free; 
moderate hemorrhage 


Ventriculo-encephalography ; di- 
lated lateral ventricles. Pos- 
terior portion of the third 
ventricle visualized with air 
outlining tumor in anterior 
portion. Indigo-carmine dye 
passed from one lateral ven- 
tricle to other 


Transcortical incision through 
right frontal lobe into lateral 
ventricle. Tumor presented 
in foramen of Monro which 
was enlarged anteriorly. Cyst 
evacuated and capsule dis- 
sected free 


High fever for 5 weeks; bloody 
C.F.S.; coarse tremors, com- 
plete recovery in 8 months 
except for slight aphasia 


Uneventful and 


covery 


complete re- 


Ventriculography; large dilated 
lateral ventricles. No third 
ventricle visualized 


Transcortical incision through 
right frontal lobe into lateral 
ventricle. Tumor presented 
in foramen of Monro which 
was enlarged anteriorly, cyst 
evacuated and capsule dis- 
sected free 


Uneventful and complete re- 
covery except for epilepsy 
controlled by barbiturates 


Ventriculography; one lateral 
ventricle injected with air 
and appeared dilated. No 
air visualized in other lateral 
ventricle or in third ventricle 


Transcortical incision through 
right frontal lobe into lateral 
ventricle; cyst presented in 
foramen of Monro which was 
enlarged anterosuperiorly. 
Cyst removed in toto 


Ventriculography; air injected 
into both lateral ventricles, 
both ventricles dilated; third 
ventricle not visualized. In- 
digo-carmine dye injected in- 
to one lateral ventricle did 

_ hot pass to other 


Transcortical incision through 
right frontal lobe into lateral 
ventricle. Cyst grasped by 
instrument inserted into third 
ventricle and withdrawn 
through foramen of Monro 


Slight fever, complete recovery 


Moderate fever for 2 weeks, 
intraventricular hemorrhage, 
weakness of left extremities ; 
complete recovery in 3 months 
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lucidum, the type of air study (ventriculography or encephalography), 
and whether one or both ventricles are punctured in the performance of 
ventriculography. 

Although Davidoff and Dyke® and Stookey’ performed encephalog- 
raphy in three cases and succeeded in diagnosing the tumors, it is the 
opinion of most neurosurgeons that the presence of intracranial hyper- 
tension makes this procedure hazardous, especially so in the light of 
recent knowledge respecting the mechanism of tentorial herniation. 
Their encephalographie findings, however, are summarized in Table I. 

If bilateral burr holes are made and both lateral ventricles cannulated, 
a characteristic ventriculogram is obtained. Both lateral ventricles ap- 
pear dilated, and occasionally enormously so; they are usually sym- 
metrical. No air is visualized within the third ventricle in any position 
of the head. The foramina of Monro are dilated but the air shadows are 
sharply eut off (Fig. 1). Oceasionally, in the anteroposterior projec- 
tions, the convex outlines of the tumor may be seen bulging into one or 
both lateral ventricles. Rarely, the block of the intraventricular 
foramina may not be complete so that a little air enters the third ventricle 
and outlines the tumor. 

If only one lateral ventricle is cannulated and the septum lucidum is 
intact, no air will escape from the ventricle and the roentgen film will 
show a single dilated lateral ventricle. On the other hand, if the septum 
lucidum is frayed and torn, as is frequently the case, air will pass 
through it and both ventricles will be visualized. With either of these 
two circumstances, interpretation may be confusing since the question 
of a technical fault may arise. The suspicion may occur that the absence 
of air in the third ventricle is due to inadequate drainage of the ven- 
tricular system or to inadequate diffusion of air throughout the system. 
For these reasons it seems that less difficulty in roentgen interpretation 
will be encountered if both ventricles are injected with air at the same 
time. 

Preliminary to air injection, it is common practice to instill a few 
cubic centimeters of indigo-carmine dye into one lateral ventricle and 
then attempt to recover it from the other; failure to do so indicates a 
block of the intraventricular foramina, while passage of the dye is gen- 
erally taken to indicate free communication. It may be misleading to 
rely upon the passage of dye, as several observers have pointed out® that 
dye may pass through, owing to rupture of the septum lucidum or to an 
incomplete block of the foramina of Monro although a large tumor may 
be present. 

OPERATIVE TECHNIQUE 


Operation should be undertaken when the ventriculographie diagnosis 
is made. It seems that disaster is particularly prone to occur after 
ventriculography, with third ventricle tumors, if the patients are not 
operated upon promptly. In our own ease a fatality was avoided only 
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by repeated ventricular punctures during the forty-eight hours that 
intervened between diagnosis and operation. 

Due to the infrequeney of paraphysial cysts, methods of operation 
have varied considerably in regard both to the anatomie approach and 
the details of surgical technique. Dandy, in his early experiences, used 
three different methods of attacking these tumors. In his first case he 
retracted the right hemisphere from the falx in the parietal region, split 
the corpus callosum and entered into the right lateral ventricle. Work- 
ing within the lateral ventricle, he removed the tumor through the 
foramen of Monro. In his second ease, he retracted the right hemisphere 
from the falx, split the corpus callosum and tela choroidea, and entered 
directly into the third ventricle thus exposing and subsequently remov- 
ing the tumor. In his third case, he resected a large block of tissue from 
the right frontal lobe and entered the lateral ventricle opposite to the 
foramen of Monro and removed the tumor through the foramen. It is 
our impression, gained from his subsequent writings,”° that he favors the 
last method. All other operators who have succeeded in removing para- 
physial cysts have adopted the transcortical method of entering the 
lateral ventricle. This seems to carry less hazards than the transcollosal 
route for several reasons. It avoids retraction of the hemisphere and 
ligature of the veins entering the longitudinal sinus, maneuvers which 
are likely to cause swelling of the hemisphere. It avoids dealing with 
the veins of Galen. Lastly, by offering a direct route to the foramen of 
Monro, the exposure is more ample, hemorrhage can be more easily dealt 
with, and there is less possibility of injuring vital neural structures. 

Dandy,' Paterson and Leslie,® and McLean’ have resected round or 
wedge-shaped blocks of tissue from the frontal lobe in order to gain 
access to the lateral ventricle but this seems to be an unnecessary sacrifice 
of brain substance and offers slight or no advantage over a simple linear 
transcortical incision. The incision should be made well anterior to the 
motor cortex and preferably at right angles to it. The advantage of a 
horizontally placed incision is that the pressure and contusing effects of 
retraction are not exerted against the motor cortex as they are if the 
incision is made in a vertical (dorsoventral) direction. This precaution 
makes it easier to avoid a postoperative hemiplegia. In our own ease, 
there was a moderate weakness of the left extremities for several days 
and in some eases the weakness has been marked and persistent. 

Since paraphysial cysts lie exactly in the midline, there is no oceasion 
ever to approach the tumor from the left side. Where this has been done 
by MeLean and by Dandy, aphasice disturbances or defects in spatial 
orientation have followed. 

It is our impression that operation for a paraphysial cyst should be 
performed in one stage. While Harvey” and Stookey* succeeded in accom- 
plishing two-stage removals, there have been two other cases where death 
has occurred between the first and second stage.” * Operative trauma 
with its attendant cerebral swelling and disturbance of the intracranial 
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hydrodynamics seems to carry a much greater hazard if the tumor is not 
removed and the ventricular block released. For this reason, unless the 
desperate condition of the patient does not permit, all efforts should be 
made to remove the tumor at one sitting. This also applies to those rare 
instances in which the lateral ventricles are not sufficiently dilated for 
surgical maneuvers to be carried out easily within the ventricle. A pre- 
liminary subtemporal decompression to allow enlargement of the ven- 
tricle with the period of necessary waiting may be more dangerous than 
attempting to work within a small ventricle. 

The experience of surgeons who have successfully removed paraphysial 
cysts shows that ample working room is obtained within the dilated 
lateral ventricle. The structures are seen clearly with the aid of illumi- 
nated retractors which may be easily introduced within the ventricle. 
The foramen of Monro may be found promptly by following the choroid 
plexus forward until it is seen to disappear. The cyst, if large, presents 
itself as a greenish or bluish mass in a dilated foramen, and this is the 
usual finding. If small, it may not be visible and the foramen may ap- 
pear as a small slit. By tugging gently on the choroid plexus, the cyst 
wall can be brought into view in the aperture of the foramen and then 
grasped with an instrument. In our ease, it was possible thus to tease 
the cyst through the foramen, but if the tumor is quite large, one must 
resort to other methods of delivery. 

Some operators have first evacuated the thick colloidal contents of the 
eyst by aspiration and then delivered the capsule through the foramen. 
Others have enlarged the foramen by slitting its margin. The slit ean 
be made safely only in the anterior rim of the foramen which is formed 
by the descending pillars of the fornix. Several small veins lie in this 
region, the largest of which is the vein of the septum lucidum. These 
may be coagulated easily and the enlarging of the foramen becomes a 
bloodless procedure. 

As pointed out earlier, the paraphysial cyst is intimately connected 
to the choroid plexus and the tela choroidea, but this is its only point of 
attachment. When the cyst or the cyst wall is in full view this attach- 
ment can be readily clipped or coagulated and the cyst cut free. This 
is a simple but important step, for should the cyst be inadvertently torn 
away, severe hemorrhage, difficult to control, will result and the floor of 
the third ventricle be injured in the attempt to handle the bleeding. 

Since the manipulations around the foramen may produce edema and 
thus obstruct drainage of the ventricle for a few days, it is worth while 
taking the precaution of tearing a small opening in the septum lucidum, 
if one is not already present. The occurrence of cerebral swelling as a 
consequence of operative manipulations may require drainage of the 
ventricle for a few days with a Penrose drain or an indwelling cannula. 
Drainage also serves to remove blood and detritus from the ventricle 
which, if not removed, may not only cause fever but conceivably may ob- 
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struct the cerebral aqueduct. The patient in Dandy’s' fifth ease died 
after a stormy postoperative course from obstruction of the aqueduct. 


If the patients survive the operative procedure and the immediate post- 
operative course, complete recovery is generally to be expected. From 
this point of view, paraphysial cysts are extremely favorable tumors. Of 
the 17 cases operated upon, 13 showed complete or almost complete re- 
covery, 2 had residual hemiparesis, 1 had a mild residual aphasia, and 1 
was neurologically normal but had epilepsy which was controlled with 
barbiturates. One of the cases of hemiparesis was reported only six 
weeks after operation’ and further recovery very likely took place. 

If the incision through the cortex is placed well anterior to the motor 
strip, complete recovery should follow operation, since removal of the 
tumor ordinarily entails no trauma to vital structures and normal ven- 
tricular drainage is promptly established. Focal epilepsy should be an 
uncommon sequel as little glial sear forms when the incision is carried 
down to the ventricle. 

In only one ease has a postoperative pneumogram been performed, but 
in this instance the ventricular system was entirely patent. 


SUMMARY 


An additional case is recorded of a successful removal of a paraphysial 
cyst, thus bringing the number of reported surgical recoveries to seven- 
teen. In an effort to standardize the surgical management of these 
tumors, the literature is reviewed and certain conclusions reached con- 
cerning the most favorable methods and the techniques to be employed 
in both diagnosis and operation. 


Addendum 


Fourteen months after operation, the patient writes that she is entirely well 
and is working full time. There have been two brief attacks consisting of twitch- 
ing of the left side of the face but with no loss of consciousness. 


REFERENCES 


— 


Dandy, W. E.: Benign Tumors of the Third Ventricle of the Brain; Diag- 
nosis and Treatment, Cases 1 to 5, Springfield, Il., 1933, Charles C Thomas, 
Publisher. 
. Zimmerman, H. M., and German, W. J.: Colloid Tumors of the Third Ventricle, 
Case I, Arch. Neurol. & Psychiat. 30: 309, 1933. 

3. Stookey, Byron: Intermittent Obstruction of the Foramen of Monro by 
Neuro-epithelial Cysts, Cases 2 and 3, Bull. Neurol. Inst. New York 3: 
446, 1934. 

4, Masson, C. B.: Complete Removal of Two Tumors of the Third Ventricle 
With Recovery, Case 2, Arch. Surg. 28: 527, 1934. 

. Davidoff, L. M., and Dyke, C.: Congenital Tumors in the Rostral Portion 
of the Third Ventricle; Their Diagnosis by Encephalography and Ventricu- 
lography, Cases 4, 5 and 7, Bull. Neurol. Inst. New York 4: 221, 1935. 

6. Paterson, J. E., and Leslie, M.: Colloid Cyst of the Third Ventricle of the 
Brain—Report of a Case Operated on With Recovery, Case 1, Brit. M. J. 
1: 920, 1935. 

. McLean, A. J.: Paraphysial Cysts, Case 2, Arch. Neurol. & Psychiat. 36: 

485, 1936. 


bo 


¥ 
| 
2 
j 
ak 


384 


SURGERY 


8. Gardner, William J., and Turner, O.: Neuro-epithelial Cyst of the Third 


Ventricle; Report of a Case With Recovery Following Operation, Case I, 
Arch. Neurol. & Psychiat. 38: 1055, 1937. 


. Shaver, M. R.: Colloid Cysts of the Third Ventricle, Cases 1 and 2, Arch. 


Neurol. & Psychiat. 43: 510, 1940. 


. Zeitlin, H., and Lichtenstein, B.: Paraphysial Cysts of the Third Ventricle, 


J. Nerv. & Ment. Dis. 91: 704, 1940. 


. Sjovall, E.: Ueber eine Ependymeysts Embryonalen Charakters (Paraphyse?) 


im dritten Hirnventrikel mit tédlichen Ausgang, Beitr. z. path. Anat. u. z. 
allg. Path. 47: 248, 1909. 

Tilney, F.: The Glands of the Brain With Special Reference to the Pituitary 
Gland, A. Research Nerv. & Ment. Dis. 17: 3, 1938. 


. Francotte, P.: Note sur L’oeil Parietal de L’epiphysis la Paraphygis et les 


Plexus choroides du Troisieme Ventricule, Bull. Acad roy. d. sc. de Belg. 27: 
84, 1894. 


. Krabbe, H. K.: Studies on the Existence of a Paraphysis in Mammalian 


Embryos, Brain 59: 483, 1936, 


5. Specimen of Dr. Adolph Meyer’s described and pictured (Fig. 5) by MeLean.7 
. Penfield, W. G.: Diencephalic Autonomic Epilepsy, Arch. Neurol. & Psychiat. 


22: 358, 1929. 


. Riddoch, George: Progressive Dementia Without Headache or Change in the 


Optie Dises, Due to Tumors of the Third Ventricle, Brain 59: 225, 1936. 


. Larson, C. P.: Colloid (Paraphysial) Cyst of the Third Ventricle With Rup- 


ture Into Caudate Nucleus and Internal Capsule, J. Nerv. & Ment. Dis. 91: 
557, 1940. 


. Rehbock, D. J.: Neuro-Epithelial Cyst of the Third Ventricle, Cases 2 and 3, 


Arch, Path. 21: 524, 1936. 


-. Dandy, W. E.: Tumors of the Third Ventricle, Practice of Surgery, Vol. 12, 


Edited by Dean Lewis, Baltimore, 1932, p. 614, W. F. Prior Company, Ine. 


. Larsell, O.: Textbook of Neuro-anatomy and the Sense Organs, New York, 


1939, D. Appleton-Century Company, Ine. 


, 
=) 
| 
12. 
= 
1 
d 
17 
18 
9 
o 
_ 


THE USE OF DETERGENTS IN THE CLEANSING AND LOCAL 
TREATMENT OF BURNS 


NoRMAN ROSENBERG,* M.D., New York, N. Y. 


N CIVIL life, the most common causes of burns are (1) fire, (2) hot 
liquids, (3) contacts with hot surfaces, (4) electric burns, (5) chemi- 
eal burns, and (6) sunburn.t The common contaminants of such in- 
juries are the various forms of particulate soil and the charred remnants 
of clothing. Fuel oil and grease are sometimes found on burned surfaces 
following automobile and the occasional maritime accidents. The usual 
reason for the presence of oil-, fat-, or grease-covered burns in civilian 
practice is the application of these substances to the burned area either 
by the patient or someone rendering first aid. 

In time of war, however, different types of burns result. They are 
more frequent and severe and occur under conditions which may render 
emergency treatment difficult. War burns are most often due to (1) 
gun or bomb flash, (2) boiling or burning oil, especially in disasters at 
sea, (3) incendiary bombs, (4) gasoline explosions, (5) electricity, and 
(6) chemicals (mustard gas, phosphorus, ete.).? Besides the delay which 
is often incurred before proper treatment can be instituted, these burns 
are usually contaminated by particulate soil, charred clothing, and often 
by heavy coats of grease and hydrocarbon oils. There may be other 
injuries in addition. 

The difficulties encountered in cleansing and débridement are obvious, 
and the inadequacies of most cleansing methods used at present have 
been admitted by workers in the field. This is especially true in burns 
contaminated by greases and oils. Indeed in certain such cases sub- 
sequent tanning procedures have proved to be inefficient or have had 
to be omitted.* The literature, both before and during the present world 
conflict, abounds in references emphasizing the lack of a cleansing 
method which would not subject the already shocked patient to general 
anesthesia and in which vigorous serubbing with soaps and irritating 
solvents would not be necessary. These latter methods often injure or 
remove healthy tissue.* ° 

The coagulation treatment of burns appears to be efficient and in many 
cases practical.6 The eschar, when formed on a relatively clean sur- 
face by tannie acid, gentian violet, triple dye, or the like, accomplishes 
many purposes: (1) it prevents the loss of fluid, electrolytes, and 
protein from the burned surface; (2) it is an efficient barrier against 
exogenous infection, especially dangerous in the critical, early period 


y eee Blumenthal Jr. Fellow in Pathology, The Mount Sinai Hospital, New 
fork, N.Y. 
Received for publication, June 6, 1942. 
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TABLE I 


ANALYSIS OF PRELIMINARY CLEANSING METHODS EMPLOYED IN THE TREATMENT OF 
BURNS 


TREATMENT TO 
CLEANSING METHOD SEDATION FOLLOW REMARKS 


Slight superficial Morphine - Saline baths and Bulky; much nursing 
cleansing dressings needed; only a few 
patients can be 
treated; danger of 

infection 


Slight superficial Morphine Triethanolamine*- Potentially infected 
cleansing sulfadiazine material left be- 
spray21 hind; sulfadiazine 

not all-powerful 


Moderate, gentle Morphine Vaseline gauze No effective removal 
scrubbing and dé- and pressure of layers of grease 
bridement (white dressings22 or oil 
soap and water) Tanning or coagu- 

lation23, 24 


Moderate to consider- Morphine, Tanning or coagu- Shock increased by 
able scrubbing with general lations, 26 scrubbing and 
saline or green anesthesia anesthesia; healthy 
soap and water tissue injured or 

Ether soaps, grease removed by sol- 
solvents vents and _ scrub- 

Moderate to consider- bing methods 
able débridement 


*Triethanolamine has detergent properties but is employed in the above mixture 
for its penetrant and solvent qualities. 


of treatment; (3) it further decreases the incidence of shock by rapidly 
diminishing pain; and (4) it allows for greater ease in nursing and in 
transportation. Other methods offer no such advantages. Saline baths 
are efficacious when adequate nursing and hospital facilities are avail- 
able but are not practical in widespread disasters.* 

Infection is the great complication in the coagulation treatment and, 
indeed, in any proseribed treatment for burns. The probable origin of 
most suppuration occurring under ‘‘tans’’ is the initial contamination 
which had never been fully eradicated. Certain infections may have 
their portal of entry at the edges of the eschar or in cracks in its surface. 


More recently, in preference to coagulation procedures, immobiliza- 
tion by pressure dressings has been suggested as a more effective treat- 
ment than tanning.** 


In the past few years, a group of chemical compounds, the so-called 
synthetie detergents, have gained wide use, at first in industry and more 
recently in dermatology. Detergents are substances in which the 
cleansing properties are dependent on a bipolarity of chemical structure. 
Most of these substances show a hydrophilic, or water-attracting, group 
and a hydrophobie group whieh finds its greatest attraction toward 
solids and liquids not easily wet by water (that is, certain particulate 
soil, oils, and greases). 
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Many types of agents present these necessary chemical groups in 
their molecular structure. They are listed in Table IT. 


TABLE IT 
A LIST OF THE MAIN TYPES OF DETERGENT MOLECULES* 


. Sulfonated vegetable or animal oils 
Sulfated alcohols 

Sulfonated fatty esters or amides 
Sulfonated alkylated aromatic hydrocarbons 
Sulfonated ethers 

. Sulfonated aliphatic di-esters 

Phosphated or borated fatty alcohols 

. Sulfonated hydrocarbons 

. Fatty amine salts 


*After Lane and Blank.’ 


The mechanism of action becomes apparent when a substance with 
such remarkable bipolarity is mechanically distributed throughout a 
water-insoluble medium, either particulate or homogeneous. The hydro- 
phobie pole will orient and fix itself about the particle or molecule of 


CHO-SO,Na Water-Attracting (Hydrophilic) Group 


Water-Repelling (Hydrophobic) Group 


Fig. 1.—The diagrammatic configuration of a simple synthetic detergent. 


homogeneous substance (oil), leaving its hydrophilic, or water-attract- 
ing, pole projecting outward in radial fashion (Fig. 2). A particle or 
molecule thus coated has an external layer of a water-soluble or a 
water-attracting group which renders the particle ‘‘solubilized,’’ or 
more easily influenced by water. 

Because the hydrophobic pole of the detergent is attracted to water- 
repelling substances, these agents are endowed with a variable amount 
of penetrating power, due to the attempt of this attraction to satisfy 
itself. The amount of mechanical agitation necessary to distribute uni- 
formly a detergent through a layer of grease so that the entire grease 
layer may be subsequently washed off with water depends on the pene- 
trating power of the particular detergent or detergent mixture em- 
ployed. 

Synthetic detergents are particularly fitted for the cleansing and 
débridement of those burns contaminated with and covered by a layer 
of grease, oil, and particulate matter. Most of them are nonirritating 
and have a pH which varies from neutrality to moderate alkalinity. 
Many have been used repeatedly and for long periods as soap substitutes 
for sensitive skins and as ingredients in dermatologic ointments.” * % 1° 
Nearly all of them have bacteriostatic and some bactericidal power, espe- 
cially for the cocci found on the skin, ** ‘4: ** 1° and many have proved 
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noninjurious to animals, even after prolonged oral and parenteral ad- 
ministration.’* As an antiseptic, the application of some of the synthetic 
detergents to wounds and even to empyema cavities has already been 
tried either alone or with other antibacterial agents.’" !* 142° One eould 
hardly desire a more compatible array of qualities. 


Water-attracting Zone 


CHO-SO,Na 


Fig. 2.—The hydrophobic poles of the detergent molecules coat and are adsorbed 
at the surface of the nonwetting, water-repelling particle or molecule. The hydrophilic 
poles project away from the particle to form a halo of water-attracting groups, thus 
“solubilizing” the particle of soil or molecule of grease. 


Nearly 100 tests, each employing a different single detergent or 
detergent mixture, have been made on the normal, intact human skin. 
These experiments were all of a similar nature. Their purpose was to 
determine the effectiveness of the agent or mixture tested in removing 
from a given surface a layer of grease, oil, or fat, often purposely con- 
taminated with particulate matter. The time and mechanical force 
necessary to disperse the agent throughout the grease or oil was also 
estimated and considered in the evaluation. Some six different mixtures 
proved most effective and required the least mechanical dispersion be- 
fore the layer of grease was thoroughly and uniformly mixed with the 
agents used. With all of the effective mixtures, running water would 
then, within a few seconds, wash off the grease-detergent or oil-detergent 
combination. A clean skin remained, which, when dried by blotting, 
presented a definitely nongreasy feel, drier even than untreated normal 
skin. In other words, not only had the applied grease or oil been 
effectively removed, but along with it the natural skin oils, leaving a 
surface ready for the application of dye or water-soluble tanning agent. 
No signs or symptoms of skin irritation resulted except dryness, which 
occurred after repeated use. All of the mixtures listed in Table III in 
comparative tests proved to be cleansing agents far superior to green 
soap and water. 
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Since the cleansing of a given burned area is carried out only once, 
more powerful detergent combinations and stronger concentrations may 
be employed than would be considered suitable for repeated use (such as 
a soap substitute). Also, as a careful study of Table III reveals, it has 
been possible to employ adjuvant penetrant agents in some mixtures to 
lessen the amount of mechanical dispersing force necessary to distribute 
the detergent throughout the grease layer. No irritation resulted from 
the application of these penetrating agents to small skin areas or to 
relatively small burned areas in clinical cases. 

The composition of certain detergent mixtures was based upon the 
following theoretical concept which subsequently proved to be efficacious 
in actual practice. For a long time it has been known that oils are 
detergents in a sense, and it has been found that grease and heavy oils 
may be removed from the skin by rubbing a readily mixing fat or oil into 
the grease layer and then washing with soap and water.’* It is known, 
therefore, that hydrocarbon oils are miscible with grease and hence 
easily penetrate grease and oil layers with the aid of some mechanical 
dispersion. If one then subjects these hydrocarbon oils to the action of 
concentrated sulfuric acid, one or more sulfonate groups, which are 
water soluble, are chemically added to the molecule, forming a sulfonated 
oil or petroleum. This molecule, which possesses an oil-soluble pole and 
a water-soluble pole, fulfills the basie requirements previously described 
for a typical detergent. At the same time, it preserves in its only 
slightly but significantly altered molecule the power to pentrate other 
grease or oil hydrocarbon layers. Thus, sulfonated petroleum (Sulfa- 
tate, Glyco) is used in most of the above mixtures, not only because of 
its own penetrating and detergent powers, but also as a vehicle or carrier 
for more powerful detergent substances. These latter otherwise might 
not be able to penetrate a grease layer except after considerable me- 
chanical assistance in the form of massage. Again, once the detergents 
have been uniformly dispersed throughout the grease or oil, running 
water will wash both grease and detergent away. There is usually more 
attraction between detergent and the hydrophobic grease or particulate 
soil, so that the molecule of soil is literally dragged along with the at- 
tached detergent as the latter is carried away by the stream of water.’® 

For civilian use, in those burns contaminated only by light oils, oint- 
ments, or fats, usually applied by someone rendering first aid, almost 
any detergent mixture will prove efficient. 

In military practice, however, burns are often covered with heavy 
fuel oil or grease, requiring more powerful cleansing mixtures which 
are easily dispersed throughout a heavy layer of these contaminating 
substances. While in burns sustained on land, fresh water is usually 
available to wash off oil-detergent combinations, in disasters at sea, salt 
water is the only water to be had in quantity. Detergent mixtures de- 
signed for the cleansing of burns on board ship must therefore possess 
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the additional quality of solubility in sea water. Mixtures of various 
types are included in Table III. They all embody principles already 
discussed. Many other similarly patterned detergent mixtures are of 
course possible and are being investigated at this writing. 

As outlined, the cleansing of a grease- or oil-covered burn is thus 
rendered as simple as possible. Penetration of the oily layer and union 
of detergent and oil molecules constitute the first step, and the non- 
traumatic washing away of grease and other superficial soil completes 
the cleansing procedure. 


CLINICAL APPLICATION 


Twenty-five patients with burns were treated in the Reception Ward 
of the Mount Sinai Hospital, New York City. All of these patients, who 
were ambulatory, sustained burns which were second degree in nature 
and involved a relatively small area of skin. In most instances, the 
burned areas, when first seen, were covered with ointments, fats, or oils, 
although an occasional area was contaminated with lubricating grease 
and considerable particulate matter. Several electrical burns of a super- 
ficial nature were coated with soot. During this period of study no 
burns were so extensive as to require hospital admission. 

All burns covered with grease, oil, or fat were gently swabbed with 
cotton pledgets which had been soaked in a _ particular de- 
tergent mixture. No sedation was needed in these relatively minor 
burns. In many eases, only about two or three cubie centimeters of 
the mixture were necessary, and only a slight amount of swabbing was 
required to impregnate the grease or oil layer with the detergent (the 
heavier the type of grease, the greater was the amount of dispersing 
foree needed). Sterile water was then allowed to flow over the burned 
area, with or without the gentlest of swabbing. The detergent and the 
contaminating agents were easily washed away in almost all instances, 
leaving a clean burned area. After gentle drying with a sterile towel, 
the burn was then ready for the débridement of vesicles and tanning. 
For evidence that all grease or oil had been completely removed, a good 
‘‘take’’ of dye, usually a 2 per cent aqueous gentian violet, was attained 
at the first application. Dyed areas also seemed to show a tendency to 
dry more quickly, and areas usually difficult and slow to stain, such as 
débrided vesicles and other denuded portions, took up the dye as quickly 
or more quickly than the adjacent, easily coated areas. 

The agents employed caused neither symptoms nor signs of local ir- 
ritation or pain. Indeed, some of the preparations appeared even 
soothing in nature. 

CONCLUSIONS 


1. Most workers are of the opinion that vigorous cleansing methods 
have no place in the preliminary treatment of burns because (a) anes- 
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thesia is required, (b) shock is thereby increased, and (¢) injury to 
remaining healthy tissue results from scrubbing and the use of irritating 
cleansing agents. 

2. In many burns the tanning or coagulation method of local treat- 
ment would seem to possess the advantages of (a) simplicity of applica- 
tion, (b) prevention of fluid, electrolyte, and protein loss from the 
burned area, (c) prevention of subsequent exogenous infection, pro- 
vided proper aftercare of the eschar is carried out, (d) rapid easing of 
pain, and (e) the facilitation of subsequent nursing and transportation. 
Infection arising from beneath the eschar speaks for the inadequacy of 
preliminary cleansing procedures. More recently, methods of treatment 
other than tanning have been recommended. These also have been dis- 
cussed. 

3. Certain of the synthetic detergents, employed in one of several 
combinations, act as cleansing agents in the local treatment of burns. 
Their unique properties which make them superior to other cleansing 
agents are (a) their ability to penetrate and ‘‘solubilize’’ substances 
such as greases, oils, and fats, as well as particulate matter; these types 
of contaminants are thus rendered more easily removable by water; 
(b) their lack of either irritating or noticeable tissue-damaging prop- 
erties as employed; (c) their antiseptic nature; and (d) the fact that, 
after all grease, including the normal skin oils, is removed, the sub- 
sequent ‘‘take’’ of dye or tanning agent is rendered easier and a proper 
eschar more readily formed. 

4. The principle of employing a penetrant detergent, such as sul- 
fonated petroleum, as a carrier for other more powerful detergents is 
especially valuable, in so far as it greatly diminishes the amount of 
mechanical dispersion required to distribute the cleansing solution uni- 
formly throughout an oil or grease layer. 

5. In elinieal tests with a number of detergent mixtures, performed 
both on controls with normal, intact skin, and on twenty-five patients 
with relatively mild, second degree burns, the properties listed above 
were substantiated. More than three-quarters of the burns when first 
observed in the emergency service of a metropolitan hospital were 
covered with grease, oil, fats, or ointments. . It is in this group of cases, 
especially, that the action of the synthetic detergents is best demon- 
strated. 

6. Burns covered with grease and oil, the result of military engage- 
ments on sea and land, represent a problem in which the application of 
these new cleansing agents may be of specific benefit. 
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THE USE OF TANNIC ACID JELLY IN EXPERIMENTAL BURNS 


Donatp D, Marson,* M.D., Boston, Mass. 


(From the Surgical Clinic of the Peter Bent Brigham Hospital and the Laboratory of 
Surgical Research, Harvard Medical School) 


INTRODUCTION 


HE importance of the proper emergency treatment of burns has 

been greatly accentuated by the marked increase in this type of 
injury in modern warfare. Military experience in the past two years 
has focused attention on the criticism made even before the present 
war, that tanning burned skin encouraged the spread of infection be- 
neath the tanned area. It has also been emphasized recently that tan- 
ning is undesirable about the neck, face, and genitals and about joints 
where full range of motion might be limited by an inelastic eschar. 
In addition, tanning which completely surrounds an extremity may, 
of course, be dangerous because of constriction by an encircling eschar. 


Tanning agents, however, have done a great deal to lower mortality 


and to alleviate pain during the first forty-eight hours following severe 
burns. Their use in first-aid treatment has had wide publicity among 
thousands of lay people, the services of whom must now be utilized in 
our medical defense program. Consequently, the indications for the 
use of such agents should be clarified and understood by civilian as 
well as military first-aid personnel. 


It seemed wise, therefore, to investigate some of the properties of 
water-soluble tannic acid jelly, since this substance has been widely 
recommended in the first-aid treatment of burns of the trunk and 
extremities. This was attempted with the hope of learning under what 
circumstances such tanning may still be the procedure of choice. 

Only the problem of the local first-aid treatment of the burn itself 
is considered. No attempt will be made in this paper to deal with the 
problems of shock, chemotherapy, and subsequent treatment of denuded 
areas. 

Investigations were carried out on a 10 per cent tannie acid jelly in a 
water-soluble base, tragacanth, dispensed under the name of Tanaburn.* 


MATERIAL AND RESULTS 


The following studies were done: 
1. Cultures of tanaburn, taken from unselected tubes of the jelly and 
planted on standard blood agar pour plates, showed no growth. 


Received for publication, July 6, 1942. 
*Manufactured by Tailby-Nason Co., Boston, Mass. 


394 


° 
fe 
é 


MATSON: TANNIC ACID JELLY 395 


2. Standard blood agar pour plates were made incorporating tana- 
burn in approximately a 0.3 per cent solution, well dispersed in the 
liquid agar before the plates were poured. These were inoculated with 
pure cultures of (1) beta hemolytic streptococci, (2) Staphlococcus 
aureus, and (3) Bacillus coli. Control plates were poured with each of 
these organisms, leaving out the tanaburn. In each instance, the num- 
ber of colonies present at the end of twenty-four and forty-eight hours 
in the tanaburn pour plates was equal to the number in the control 
plates. 

3. A pure culture of beta hemolytic streptococci in dextrose broth 
was inoculated directly into tanaburn itself in a sterile test tube. This 
mixture was incubated and streak plates were made at six, twenty- 
four, and forty-eight hours. There was no growth in any of these 
preparations. It is probably not fair here to conclude that the tana- 
burn was bactericidal for the organisms in the absence of any media 
to support their growth. 

4. The action of tanaburn on normal and infected burned skin when 
applied almost immediately after the burn was studied as follows: The 
chest and abdomen of an anesthetized dog were shaved. Standard 
burns were induced with an ordinary Bunsen burner flame, each area 
being exposed to the flame for approximately two minutes. This was 
sufficient to produce discoloration, blistering, and visible weeping of 
the burned area. At the conclusion of the experiment, the animal was 
sacrificed. 

Four areas were burned as shown in Fig. 1 and treated as follows: 


(a) Burned, infected with beta hemolytic streptococci, covered with 
a thick layer of tanaburn, and a dry sterile dressing applied 

(b) Burned and covered with a dry sterile dressing 

(ec) Burned, infected as in (a) with beta hemolytic streptococei, and 
covered with a dry sterile dressing 

(d) Burned, covered with a layer of tanaburn, and a dry sterile 
dressing applied (not infected). 

Cultures were made by swabbing the skin surface and introducing 
the swab together with a small piece of skin, removed under aseptic 
precautions, into dextrose broth. The broth cultures were incubated 
two hours, and standard blood agar pour plates were made and ex- 
amined at forty-eight hours. The results are shown in Table I. The 
cultures from the burned, infected, and tanned skin at one, three, five, 
and twelve hours, respectively, were saved, incubated forty-eight hours 
longer, and then streaked onto blood agar plates. The results are 
shown in Table IT. 

These experiments were then repeated on another animal, using boil- 
ing water burns and a different strain of hemolytic streptococci. Three 
areas were burned as illustrated in Fig. 2. Cireulating boiling water 
was applied to the skin in each area for from one to two minutes, using 
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Fig. 1.—Experimental burns with Bunsen burner flame. A, Burned, infected, and 
tanned; B, burned; C, burned and infected; D, burned and tanned. 


Fig. 2.—Experimental burns with boiling water. A, Burned; B, burned and tanned; 
C, burned, infected, and tanned. 
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Skin Surface 


Fig. 3.—Device for applying circulating boiling water to annimal skin. 
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TABLE I 


CULTURES AT 2 HR. GROWTH AT 48 HR. (POUR PLATES) 
. Normal skin Abundant growth of Staphlococcus 
aureus and diphtheroids 
. Burned skin at five hours each . No growth 
. Burned and tanned skin at five hours . No growth 
each 
. Burned and infected skin at five hours . 25 to 30 colonies of beta hemolytic 
each streptococci 
Burned, infected, and tanned skin at . No growth 
one hour each 
. Burned, infected, and tanned skin at . No growth 
three hours each 
. Burned, infected, and tanned skin at . No growth 
five hours each 
. Burned, infected, and tanned skin at . No growth 
five hours each 


TABLE II 


CULTURES AT 48 HR. GROWTH 48 HR, LATER (STREAK PLATE) 


. Burned, infected, and tanned skin at 5, No beta hemolytic streptococci 
one hour each 

. Burned, infected, and tanned skin at 6. 25 colonies of beta hemolytic strepto- 
three hours each cocci 

. Burned, infected, and tanned skin at . Abundant growth of beta hemolytic 
five hours each streptococci 

. Burned, infected, and tanned skin at 8. Very abundant growth of beta hemo- 
twelve hours each lytic streptococci 


TABLE IIT 


CULTURES AT 2 HR. GROWTH IN 48 HR. (POUR PLATES) 


. Burned skin at five hours each . No growth 

. — and tanned skin at five hours . No growth 
each 

3. Burned, tanned, and infected skin at 3. No growth 
one hour each 
Burned, tanned, and infected skin at . No growth 
three hours each 

. Burned, tanned, and infected skin at 5. 10 colonies of beta hemolytic strepto- 
five hours each cocci 

. Burned, tanned, and infected skin at . 35 colonies of beta hemolytic strepto- 
twelve hours each cocci 


the device illustrated in Fig. 3. This was sufficient again to produce 
discoloration, vesiculation, and blistering of the skin. In this animal 
the areas were treated as follows: 


(a) Burned and covered with a dry sterile dressing. 

(b) Burned and covered with a layer of tanaburn and a dry sterile 
dressing (not infected). 

(ec) Burned, infected with beta hemolytic streptococci, and covered 
with a layer of tanaburn and a dry sterile dressing. Cultures of the 
burned skin similar to those made in the first experiment were made 
with results as shown in Table III. 

Broth cultures in this instance were also kept, incubated forty-eight 
hours longer, and then streaked onto blood agar plates. The results 
are shown in Table IV. 


397 
1% 
9 
2 
3 
4 
6 
8 
—— 
= 
6 
€ 
F 
j 


SURGERY 


TABLE IV 


CULTURES AT 48 HR. GROWTH 48 HR. LATER (STREAK PLATE) 


. Burned, tanned, and infected skin 3. Few colonies of beta hemolytic strep- 
one hour each tococci 

. Burned, tanned, and infected skin . Many colonies of beta hemolytic strep- 
three hours each tococ¢i 

5. Burned, tanned, and infected skin : 5. Abundant growth of beta hemolytic 
five hours each streptococci 

. Burned, tanned, and infected skin : 3. Very abundant growth of beta hemo- 
twelve hours each lytic streptococci 


5. Observations were also made on the rate of formation of the 
eschar on these burned areas of skin. At the end of one and three 
hours after application of a thick layer of tanaburn, the eschar could 
be simply wiped or washed off with ease; at the end of five hours it 
could be washed off with some difficulty; and at the end of twelve 
hours a definite eschar had formed which could not be wiped off but 
had to be peeled off in a layer. 

6. Microscopic sections stained with eosin and methylene blue were 
made of (1) burned, (2) burned and tanned, (3) burned and infected, 
and (4) burned, infected, and tanned skin all taken at five hours after 
burning and fixed immediately in Zenker’s solution. Al] of these sec- 
tions showed comparable amounts of subcutaneous edema. No distine- 
tion could be made microscopically between the tanned and the un- 
tanned burned skin. In none of the sections were microorganisms 
visible. 

SUMMARY 


1. Tanaburn, a 10 per cent tannic acid jelly in a water-soluble base, 
in itself is sterile. 

2. A small amount of tanaburn exerted no bacteriostatic effect on 
pure cultures of beta hemolytic streptococci, Staphylococcus aureus, and 
Bacillus coli growing in blood agar media. 

3. Beta hemolytic streptococci will not grow in tanaburn alone. This 
does not mean that tannic acid jelly is bactericidal but that it does not 
provide a media sufficient to support the growth of the organisms. 

4. Beta hemolytic streptococci are readily recultured from burned 
and infected skin at the end of five hours. If this infected burn is 
covered with tanaburn, similar cultures taken at one, three, five, and 
twelve hours and ineubated for two hours show no growth. However, 
if these cultures are allowed to incubate for forty-eight hours, then 
the three-, five-, and 12-hour cultures show increasing numbers of colo- 
nies of beta hemolytie streptococci. Tanaburn, therefore, is not bae- 
tericidal for these organisms, since they eventually grow out in pro- 
fusion, but a definite bacteriostatic effect is evidenced by the absence 
of growth in the one- and three-hour cultures from both the flame and 
hot water burns. 
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5. Tanaburn begins to form an eschar on burned skin between three 
and five hours. This is quite thick, pliable, and cannot be washed or 
wiped from the skin at twelve hours. 

6. Tanning the burned skin has no effect on the amount of subeu- 
taneous edema present at the end of five hours. 


COMMENT 


These experiments seem to indicate that 10 per cent tannie acid jelly 
applied to infected burns of the skin exerts a transient bacteriostatic 
effect for periods up to three hours. However, after this length of 
time, bacterial growth proceeds readily. Also, after three to five hours 
an eschar forms which becomes more and more difficult to remove. 

Burns covered immediately with a dry sterile dressing and burns 
which were tanned and then covered both remained sterile. Presum- 
ably the burn itself killed the organisms shown to be present on the 
normal skin control. It is during the period between the acquisition 
of the burn and the arrival of medical attention that the burn becomes 
infeected—from surrounding skin, clothing, foreign bodies, and expo- 
sure to air contamination. In the laboratory this course of events was 
insured by actual inoculation of the burn with virulent organisms. 

The ideal clinical first-aid local treatment of burns would consist in 
immediate application and maintenance of an adequate sterile and pro- 
tective dressing until hospital care could be instituted. This is rarely 
possible, of course, outside of the experimental laboratory, and cer- 
tainly not in the great majority of military or civilian wartime ecasual- 
ties. To condemn uniformly the tanning of burns is being idealistic. 
During war, the problems raised by individual lesions become secondary 
in importance to the adequate handling of a great volume of injuries. 
Under the conditions imposed by mass burning in crowded areas, the 
treatment must not only be efficacious, but also feasible. 

Is there a place for tannic acid jelly in these circumstances? It is 
easy to apply. It has desirable analgesic properties. It is readily 
available. When satisfactorily employed, it forms a pliable, comfort- 
able eschar which obviates the necessity for repeated painful dressings. 
However, its general use by the laity in large numbers of civilian or 
military casualties cannot be recommended without specific limitations. 
Although definite transient bacteriostatic properties appear to be pres- 
ent, 10 per cent tannic acid jelly is not bactericidal when used on in- 
fected burns. It is possible, therefore, that it may give the patient 
comfort and aid him physiologically through the first forty-eight hours 
after the burn, only to leave him with the subsequent severe complica- 
tion of sepsis. 

Experimental evidence indicates that tannic acid jelly should be used 
as a first-aid measure only when it can be applied almost immediately 
after the burn is ineurred and only to burns which are not 
contaminated. In active, well-equipped first-aid stations near the scene 
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of a disaster this may occasionally be possible. Old and contaminated 
wounds should simply be covered with a sterile or the cleanest possible 
dressing and pain alleviated with large doses of sedatives until careful 
cleansing is possible. If the tannie acid jelly has already been applied 
to contaminated burns or to burns more than two hours old, then every 
effort should be made to remove it within three to five hours of the 
time of application, and local treatment suitable for any infected 
wound of this type should be carried out, supplemented, of course, by 
sulfonamide and supportive therapy. 
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THE EFFECTS OF THE APPLICATION OF A TOURNIQUET 
ON THE GENERAL RESPONSE TO GROSS TRAUMA 
TO AN EXTREMITY 


GrorGeE W. Duncan,* M.D., AND ALFRED BLALocK, M.D. 
BaLTIMORE, Mp. 
(From the Department of Surgery of the Johns Hopkins School of Medicine and 
Hospital) 


N EXPERIMENTS"? recently performed in which a mechanical press 

was applied to an extremity for an extended period (fifteen hours), 
it was found that the animals succumbed even though plasma equal in 
quantity to that which was lost locally was administered intravenously. 
This was not the finding in a number of the experiments in which the 
press was applied for a shorter time (five hours). Since the pressure 
which was exerted on the tissues was the same in the two groups of ex- 
periments, the results indicated that the prolonged period of local 
ischemia and anemia was responsible for the difference in the severity 
of the general effects. In view of these observations in experiments on 
crush injuries, it was decided to study the effects of applying a tourni- 
quet to an extremity after trauma to the soft parts had been produced. 
These experiments were compared with others in which a similar injury 
was caused, but no tourniquet was applied. In all the experiments, early 
death was prevented by the intravenous administration’ of blood plasma. 


METHODS AND RESULTS 


Large animals were used in all the experiments. Pain was prevented 
by the administration of nembutal and morphine. Trauma was pro- 
duced by: striking the soft parts of one of the posterior extremities 
many blows with a hammer. The number of blows varied somewhat 
according to the ease with which the muscular tissue became damaged. 
The usual time required for the carrying out of the trauma was about 
four minutes. The femur was not fractured and an attempt was made 
not to cause a break in the skin. 

Ten animals served as controls, no tourniquet being used. In the re- 
maining ten animals a rubber tourniquet was applied tightly around the 
upper part of the thigh, proximal to the upper level of the trauma, as 
soon as the infliction of trauma was terminated. An attempt was made 
to exclude the arterial inflow as well as the venous return of the ex- 
tremity. The period that the tourniquet was left in place was five hours. 

-In the control experiments blood plasma was administered intra- 
venously two hours after the traumatization of the extremity. The rate 
William Stewart Halsted Fellow in Surgery. 
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of injection was equivalent to 1 per cent of the body weight of the re- 
cipient per hour. In the experiments in which a tourniquet was used, 
the injection of plasma was begun simultaneously with the removal of 
the tourniquet. The arterial blood pressure was essentially normal at 
the time. 

The quantity of plasma that was given in most experiments equalled 
5 per cent of the total body weight of the recipient. This figure was 
chosen because it was found in earlier experiments by one of us* and by 
Parsons and Phemister* that this type and degree of trauma result in 
the regional loss of fluid (mainly whole blood) equal to approximately 
5) per cent of the body weight, which is about one-half of the total blood 
volume. In some of the experiments in which a tourniquet was applied, 
the amount of fluid which was given was greater. 

The various studies which were performed included the arterial blood 
pressure, the hematocrit reading, the pulse rate, the plasma creatine and 
creatinine, the urinary creatine and creatinine, the nonprotein nitrogen, 
and gross and microscopic examinations of the urine. The methods 
which were employed have been enumerated previously.’ 

The animals were observed until death or recovery took place. If 
death occurred, the local loss of fluid into and near the injured area was 
determined by the bisection method* that has been described previously. 

As has been stated, ten control experiments were performed. The 
extremity was traumatized but no tourniquet was applied. Eight of the 
ten animals recovered, one animal dying at the end of ninety hours and 
the other on the twelfth day. Previous experience*® with this method 
of producing injury would indicate that most of the animals would 
have died had plasma not been injected. Examination of the animal 
which died at ninety hours showed bilateral pneumonia and an abscess 
of the thigh. The animal which died on the twelfth day also had an 
abscess of the thigh. Some of the results of these experiments are given 
in Table I. 

Alterations which were observed in the first ten hours following the 
traumatization of the control animals included an elevation in the pulse 
rate and a decrease in the hematocrit reading. The latter alteration 
was probably due, mainly, to the injected plasma. There was very little 
alteration in the arterial blood pressure, the plasma creatine, and the 
nonprotein nitrogen. In some instances the traumatization was followed 
by a slightly reddish discoloration of the urine and by the presence of a 
few erythrocytes and granular casts in the urine. 

The findings in the ten experiments in which a tourniquet was used 
differed from the controls in a number of respects. All the animals 
died, the survival period following the removal of the tourniquet vary- 
ing from three to thirty-six hours, the average being approximately 
fourteen hours. Five of the ten animals were given plasma in an amount 
which equalled 9 per cent or more of the body weight of the recipient 
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TABLE I 


SHOWING THE EFFECTS OF TRAUMA TO AN EXTREMITY AND OF PLASMA THERAPY 
(No TOURNIQUET) 


ARTERIAL 
HEMATOCRIT PULSE RATE 
PRESSURE THERAPY 
HG) READING PER MIN. 
MENT 6-8 HR. 6-8 HR. 6-8 HR. |PER CENT RESULT 
NO. CON- | APTER CON- AFTER CON- AFTER BODY 
TROL |PLASMA| TROL PLASMA] TROL |PLASMA] WEIGHT 
BEGUN BEGUN BEGUN 
1 120 105 46.3 saz 124 184 5 Died on 
twelfth day 
2 115 125 55.4 32.0 140 194 5 Recovered 
3 115 105 53.8 45.0 116 180 5 Recovered 
4 110 115 56.0 34.0 136 160 5 Recovered 
5 115 120 52.0 39.5 96 220 5 Recovered 
6 120 100 56.6 39.0 112 194 5 Recovered 
7 120 120 53.6 24.0 140 196 5 Recovered 
8 115 115 41.7 29.5 116 192 5 Died after 90 
hours 

9 115 95 55.0 38.3 92 200+ 5 Recovered 

10 110 120 50.2 39.0 104 180 5 Recovered 


instead of the usual 5 per cent. The survival period did not appear to 
be lengthened by the administration of the larger quantity of plasma. 
The average amount of plasma injected in the ten experiments equalled 
7.3 per cent of the body weight of the recipient and the average regional 
loss of fluid equalled 7.8 per cent of the body weight. This shows very 
clearly that the regional loss of fluid in experiments of this type in 
which a tourniquet and replacement therapy were used was not re- 
sponsible for the uniformly fatal results. Some of the results are given 
in Table II. 


Whereas no significant decline in the arterial pressure occurred in the 
control experiments, a marked decline was found following the removal 
of the tourniquet in the experiments in which the constriction was used. 
This occurred despite the fact that the plasma was introduced at a rather 
rapid rate in some of the experiments. There was an acceleration of the 
pulse rate and a decline in the hematocrit reading. In contrast to the 
observations in the control experiments, the plasma creatine and the non- 
protein nitrogen became elevated. The urine became darker in color 
and a moderate number of erythrocytes and granular casts were seen on 
microscopic examination. 


DISCUSSION 


An attempt was made to cause the same amount of injury to tissues 
in all of the experiments. The fact that death occurred in all the ex- 
periments in which a tourniquet was applied to the injured extremity, 
whereas eight of the ten control animals survived, appears to be of sig- 
nificance. The survival period of the two control animals which died was 
longer than that of any of the animals in the other group. The results 
show very clearly that the prolonged application of a tourniquet to an 
injured extremity results in harmful effects. 
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The findings recorded here receive support from previous experimental 
and clinical observations. A number of observers have produced shock 
by interfering with the circulation to a large portion of the body for 
a considerable time. Wilson and Roome® found that the removal of a 
tourniquet is followed by the passage of a large amount of the blood 
volume into the dilated blood vessels of the extremity. As a result of 
clinical observations and reports in World War I, Cannon® stressed the 
dangers of the removal of a tourniquet which had been in place for 
hours. 

It is obvious because of the present and of the previous studies that a 
tourniquet should be used for the control of bleeding only if other means 
are not available or will not suffice. If the extremity is budly damaged 
and if a tourniquet has been in place for several hours when the pa- 
tient reaches a point where definitive treatment may be employed, ampu- 
tation is usually advisable. Our previous experiments on crush injuries, 
as well as the observations of Allen’ and of Brooks and Dunean,? indicate 
that the harmful effects of a tourniquet will be lessened if the tempera- 
ture of the part distal to the constriction is lowered by the application 
of ice. Unfortunately, under emergency conditions, means for lowering 
the temperature are not usually available. 


SUMMARY 


Experimental findings are presented which show that the prolonged 


application of a tourniquet to an injured extremity greatly lessens the 
chances of survival of the animal. 
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GRADUAL OCCLUSION OF THE MESENTERIC VESSELS 


EXPERIMENTAL STUDY 


Harotp LAUFMAN, M.D.,* Cuicago, ILL. 
(From the Division of Surgery, Northwestern University Medical School) 


HEN a thrombus forms very slowly, collateral circulation has an 

opportunity to carry the blood supply. Warren and Eberhard’’ 
have pointed out that a very gradual occlusion of the main mesenteric 
vessel may, in some instances, result in infarction of the intestine; in 
other instances there may be temporary symptoms of pain and intestinal 
hemorrhage ; it may even result in no symptoms at all if it forms slowly 
enough. Narrowing of the mesenteric vessels is not uncommon as a 
feature of generalized arteriosclerosis. 

There have been occasional cases reported in which the main artery 
was slowly occluded, causing no untoward symptoms during life and no 
involvement of the intestine at autopsy. Best known of such cases are 
those of MeCallum,' Trotter,? and Howse.* 

Councilman,‘ Reich,® Davis,®° Garcia,’ and Moore® reported cases in 
which the collateral circulation after mesenteric occlusion was sufficient 
to prevent pathologic changes in the bowel wall, but not sufficient to 
allow normal function to continue. Intestinal ileus results in such 
cases. In Moore’s ease the patient suffered from intestinal obstruction 
due to a localized area of paralytic ileus caused by occlusion of mesen- 
teric vessels. The blood supply was sufficient to keep the bowel alive, 
but could not sustain normal function. Following a lateral anastomosis 
the patient made a complete recovery. 

Karcher® reported a case in which surgical treatment was not under- 
taken despite typical symptoms of mesenteric vascular occlusion, because 
of the poor condition of the patient. In other instances, lack of diagnosis 
or just watchful waiting with general support of therapy have resulted 
in a spontaneous recovery. Karcher’s patient died from another cause 
seven weeks after the occlusion had taken place. An autopsy revealed 
an embolus completely occluding the superior mesenteric artery. The 
bowel was not infarcted. 

Experimental reproduction of a long-term gradual occlusion of the 
main mesenteric vessels has not, to my knowledge, been previously 
reported. It is, therefore, of some interest to report the experimental 
results of such occlusions. 

Pearce’® has recently advocated the use of cellophane for the experi- 
mental gradual occlusion of large arteries. Mims Gage’ has reported 

*Captain, Medical Corps, U. S. Army. 
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the experimental production of hypertension by encasing the kidney of a 
dog in cellophane and allowing it to become constricted over a long 
period of time. 

We have been able to completely occlude the superior mesenteric 
artery by gradual constriction over a period of four months by the use 
of cellophane in three of six animals in which this procedure was earried 
out. <A similar procedure, constricting the superior mesenteri¢e vein, 
was successfully accomplished in two of five attempts. 


EXPERIMENTAL DATA 


Ordinary DuPont cellophane No. 300 P.T. was used. It was soaked 
in phenol for ten minutes and then aleohol for about one hour before 
operation. A 14-inch wide strip consisting of four folded layers was 
loosely wrapped about the vessel. The ends were sutured with a silk 
mattress stitch so that the cellophane hugged the vessel snugly, but did 
not constrict. The animals were allowed to continue normal existence 
for four to five months, at which time they were opened for examination. 
It was noted that the animals in which the superior mesenterie artery 
was so treated became progressively thinner and lost their appetites. 
Those animals in which the superior mesenteric vein was wrapped with 
cellophane at no time showed any ill effects. 

Observations—In three of the six animals in which the superior 
mesenteric artery was wrapped with cellophane, it was found that the 
artery had become completely occluded over the course of sixteen to 


TABLE I 


GRADUAL OCCLUSION OF MAIN MESENTERIC VESSELS BY CELLOPHANE 


DATE DATE OF 
DOG | LAPAROTOMY 
NO. |OR SACRIFICE 
OF ANIMAL 
11/14/40 3/18/41 | Occlusion not complete 
12/18/40 4C 4/21/41 |Occlusion complete; low grade enteritis; 
thrombosis of small vessels 
1/ 8/41 5C 5/20/41 |Occlusion not complete 
Arterial 1/15/41 7C 6/10/41 |Occlusion not complete 
1/15/41 8C 6/10/41 |Occlusion complete; enteritis; erosion of 
mucosa 
11/22/41 9C 6/10/41 |Occlusion complete 
11/27/40 2C 3/18/41 |Ocelusion not complete 
12/18/40 3C 4/21/41 |Occlusion not complete 
Venous 1/ 8/41 6C 5/20/41 Occlusion not complete 
11/11/41 10C 3/23/42 Occlusion complete 
11/11/41 110 3/23/42 |Occlusion complete 


eighteen weeks. 
not vet taken place. 
tissue irritation, causing extensive changes around the vessel. 


In the remaining three animals complete occlusion had 
The cellophane had produced a severe degree of 


These 


changes consisted of a fibroplastic response with purulent or gelatinous 
fluid encased about the cellophane. The intestinal wall appeared very 
pale and thin in these animals. Microscopic examination of the intestinal 
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wall revealed a low-grade enteritis of varying degree in the various 
specimens, with erosion of the villi and leucocytie infiltration of the 
remaining mucosa and submucosa. There was no infarction present. 
However, the small subserosal vessels contained thrombi (Fig. 1). The 
similarity of the results in the three animals indicated that the lesion 
in the intestine was directly the result of the gradual occlusion of the 
superior mesenteric artery. No changes were noted in the intestinal 
walls of the dogs in which the occlusion was incomplete. Blood pressure 
readings were not taken. 


Fig. 1.—Microscopic appearance of small intestine after gradually induced, com- 
plete occlusion of the superior mesenteric artery in the dog by cellophane after ap- 
proximately four months. Note erosion of mucosa, infiltration by polymorphonuclear 
leucocytes (low-grade enteritis), and thrombosis of small subserosal and intramural 
vessels. Grossly the intestine appeared markedly anemic with thinned out walls. 


It is known that blockage of the lymph channels of the mesentery 
can produce an ulcerative lesion in the intestine, the microscopic appear- 
anee of which is not dissimilar from that deseribed above (Poppe’?). 
It is thus possible that the irritative response produced by cellophane 
may have blocked the lymph channels as well as the arterial supply. 
Thus, the lesion produced may be the result of either or both, chronic 
hypoxia and chronie infection with lymphatic blockage. 


Gradual occlusion of the superior mesenterie vein resulted in no lesion 
of the intestine in either of the two animals successfully ligated. How- 
ever, it was interesting to trace the collateral venous drainage of the 
intestine, especially since there was no embarrassment of the intestinal 
circulation. Preparations were made, therefore, for roentgen-ray study 
by injecting a dilute solution of barium sulfate into one of the small 
mesenteric veins. The accompanying roentgenogram illustrates the 
remarkable collateral circulation established as a result of the gradual 
occlusion. Adhesions were found between the fibroplastic mass around 
the cellophane and loops of intestine, the omentum, and portion of 
mesentery. The collateral blood channels established in these adhesions 
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are well shown in the photographs. An interesting source for collateral 
circulation was noted in small vessels which apparently traversed the 
posterior parietal peritoneum and found their way into the kidney 
(Fig. 2). 

The abundance of the collateral supply explains the paucity of symp- 
toms and the absence of circulatory changes associated with the long- 
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Fig. 2.—Result of gradually induced, complete occlusion of the superior mesenteric 
vein in the dog by cellophane after approximately four months. Illustration shows 
roentgenogram of specimen injected with dilute barium sulfate solution. The venous 
tree of the liver (above) received blood from collateral channels which formed about 
the occlusion. Collateral channels are also shown in the posterior parietal peritoneum 
and capsule of the kidney. Not shown are further collateral channels found in 
numerous omental adhesions about the occlusion. 


term type of gradual occlusion of the superior mesenteric vein. Twenty 
eases illustrating this type of total occlusion in man as an incidental 
necropsy finding associated with no intestinal changes were reported 
by Laufman and Scheinberg.” 

Felsen’* has presented clinical and autopsy material illustrating the 
effects of long-term anoxia due to intestinal vascular sclerosis. He 
describes a proliferative phase and an obliterative phase in the intra- 
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mural vessels resulting from gradual occlusion of the mesenteric vessels. 
In the proliferative phase the intramural vessels are thickened and 
tortuous, while in the subsequent obliterative phase these capillaries 
are straightened and rigid, with obliterated terminal arborizations. The 
experimental observations presented above apparently are commensurate 
with the obliterative phase with superimposed low-grade inflammation. 


SUMMARY 


Gradual occlusion of the superior mesenteric vessels over a period of 
four to five months was accomplished in dogs by the use of cellophane 
bands. Complete occlusion of the superior mesenteric artery was ac- 
complished in two of five attempts. In the remaining animals the vessels 
were constricted but not completely occluded. 

The result of gradual complete occlusion of the superior mesenteric 
artery was an anemia of the intestinal wall with a superimposed low- 
grade enteritis. Thrombi were present in the intramural vessels. 

Gradual complete occlusion of the superior mesenteric vein resulted 
in no demonstrable lesion in the intestine. Extensive collateral cireula- 
tion was established in these animals, including the vascularization of 
omental adhesions and of the posterior parietal peritoneum. 
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INJECTION OF VARICOSE VEINS 


THE IMPORTANCE AND TECHNIQUE OF INJECTING THE 
ELEVATED EXTREMITY 


CARROLL J. BELLIS,* M.D., AND Orro L. CHurNry,t M.D. 


(From the Surgical Service of the O’Reilly General Hospital, U. S. Army, 
Springfield, Mo.) 


INTRODUCTION 


ITH the perfection of sclerosing therapy for varicose veins of 

the lower extremities, surgeons in general have come to avail 
themselves of this method of varicose vein therapy. MePheeters’! 
writings on the ambulatory injection treatment of varicose veins served 
to stimulate considerable interest in this mode of management in this 
country. Since, probably, about 10 per cent of young healthy adults 
suffer from varicose veins, and since most of these people are engaged 
in activities which necessitate a minimum of medical care during the 
treatment, any method which would reduce the number of required 
injections would be an approach to the ideal injection technique. 
Everyone who has acquainted himself with the injection technique has 
come to realize that the necessity of giving as many as twenty injec- 
tions in those cases in which there are numerous varicose radicals of 
the main varicose trunk is not an inviting feature to patients. If a 
method could be found by which the number of injections could be 
reduced to one or two, a big disadvantage would be overcome. The 
purpose of this communication is to describe such a method. 


Generally, the principle embodied in the obliterative treatment is to 
maintain the sclerosant in contact with the intima of the vein long 
enough to produce an intimal inflammation eventuating in thrombus 
formation and, finally, fibrosis. In the usual method, the varix is in- 
jected with the patient in the horizontal or sitting position, several 
injections being made at different sites at one visit, or single injections 
being given at successively lower levels at successive visits. Fig. 1A 
diagrammatically illustrates such an injection. The sclerosant, injected 
into an engorged vein, does not diffuse, coagulation of the immediately 
surrounding blood further impeding the spread of the solution. This 
results in a localized thrombus which can be felt later as a hard, 
fibrotic lump. Attempts to inject a segment after ‘‘stripping’’ it of its 
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blood are often discouraging, since incompetent communicating veins 
allow the inflow of blood. 

The method described in this communication has been employed 
successfully in a large series of cases on the Surgical Service of the 
O’Reilly General Hospital, U. S. Army, Springfield, Mo., and in the 
Surgical Outpatient Clinie of the University of Minnesota Hospital, 
Minneapolis. With this simple technique, almost all patients have re- 
quired a single injection, while a few have been given two injections. 
The effectiveness of this method lies in the principle that a relatively 
small amount of sclerosant—a few cubic centimeters—when injected 
into bloodless veins, reduced to capillary spaces, can produce intimal 
inflammation in all the varices of an extensively varicosed venous cir- 
culation. The sclerosant is undiluted by blood, and, theoretically, 1 
c.c. should be sufficient to sclerose many yards of such collapsed veins. 


EMPTIED VARIX 


SCLEROSANT 
LOCALIZED 
AT INJECTION : 

SITE SCLEROSANT 

FILLING EMPTY 

VARIX 


Fig. 1.—The effect of position of the extremity on diffusion of sclerosing solution 
injected into a varix. A, Extremity dependent, showing localization of sclerosant in 
varix dilated with blood. The final thrombus develops at the site of injection only. 
B, Extremity elevated, showing sclerosant flowing through capillary lumen of col- 
lapsed varix. The final thrombus develops in the entire vein, 


INDICATIONS 


Before proceeding with varicose vein therapy, certain contraindica- 
tions must be observed,” among which are the following: 


A. Systemic diseases 
Malignancy 
Angina pectoris 
Cerebral thrombosis 
Myocardial disease 
Hyperthyroidism 
Active tuberculosis 
Acute infectious diseases (including acute upper respiratory infections 
and tonsillitis) 


& 
= 
A B 
( 
7 
* 


BELLIS AND CHURNEY: INJECTION OF VARICOSE VEINS 413 


B. Local conditions 
Lack of patency in the deep venous system 
Impairment of arterial circulation 
Inflammation or infection of the deep or superficial venous system 


Schwartz's test (palpation of a varix below the knee while pereussing 
the saphenous vein in the upper part of the thigh) is positive if an im- 
pulse can be palpated below. This indicates incompetence of the valves 
between the site of palpation and the site of percussion and is always 
positive in varices of the great saphenous system. The incompetence of 
the saphenous valves may be verified by the Trendelenburg test. This 
is performed simply by elevating the affected extremity for a few min- 
utes and then compressing the saphenofemoral junction, while the pa- 
tient is allowed to stand. If the veins of the leg fill rapidly (within 
thirty seconds), incompetence of the valves in the communicating 
veins may be assumed. If a slow filling occurs (over thirty seconds), 
the communicating system is relatively uninvolved. It may be recalled 
that there are from one to three communicating veins in the thigh and 
from fifteen to thirty in the leg. Should additional dilatation of the 
saphenous system take place when the digital compression of the 
saphenofemoral junction is removed, one may assume that back pres- 
sure in the venous column from the heart to the varix contributes to 
the vicious eyele. 

If the Schwartz and Trendelenburg tests are positive, high interrup- 
tion of the saphenous vein at the saphenofemoral junction is indicated, 
providing the deep system is patent. A simple test for patency of the 
deep venous system is the tolerance, for a few hours, of an elastic 
bandage wrapped snugly from the ankle to the lower thigh. Perthes’ 
test may also be performed for this purpose. In this test, a tourniquet 
to compress the superficial veins is placed above the varices and the 
patient allowed to walk or vigorously exercise the knee. If the varices 
become more prominent, the deep veins are probably obstructed (nega- 
tive Perthes’ test); if the varices collapse or become less prominent, 
the deep veins are patent (positive Perthes’ test). Mahorner and 
Ochsner* have described a refined segmental Perthes’ test. 

If high saphenous interruption is found to be indicated, it should be 
performed before sclerosing therapy is instituted, since back pressure 
from above will nullify the results expected from even perfect injec- 
tion technique. The widely accepted operative procedure described 
by de Takats‘ carries a 0.3 per cent risk of pulmonary embolism 
(Faxon and Barrow’), but ligation alone will cure about 20 per cent of 
the patients, the remaining 80 per cent requiring sclerosing injections. 


METHOD 


With the patient sitting on the table and the lower extremities on a 
nearby stool or simply flexed over the side, one of the most distal 
varicose veins, one usually around the ankle, is selected. A No. 25 
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gauge needle to which is attached a syringe containing 3 to 5 ¢.c. of a 
sclerosing solution is inserted into the vein at the most convenient 
distal point. With the syringe held firmly in place, but without inject- 
ing any of the sclerosant, the patient’s lower extremities are brought 
carefully onto the table; the patient lies horizontally, and the affected 
extremity is elevated by an assistant to at least 45° with the horizontal 
(Fig. 1B). As much as possible of the blood contained in the veins is 
permitted to drain into the deep system, and when the extremity appears 
pale, the sclerosant is injected into the ankle vein and the needle re- 
moved. No bleeding occurs from the needle puncture since the point of 
injection is elevated above the level of venous pressure. A small dry 
dressing is placed over the puncture site and an elastic bandage wrapped 
from the ankle to the middle of the thigh. The extremity is then placed 
on several pillows and the patient allowed to remain in that position 
for twenty minutes, following which the patient is allowed to be am- 
bulatory. The importance of walking about after this postinjection 
period has been stressed by Dean and Dulin® as a prophylactic against 
embolism. 


Any of the popular sclerosants may be employed. Monoethanol- 
amine oleate (monolate) is an effective agent and causes no slough if 
perivenous injection takes place (Glasser,” Meyer®). We have used 
5 per cent sodium psylliate (sylnasol), which Biegeleisen® showed has a 
remarkably low toxicity, with equal success. Quinine hydrochloride and 
urethane has also been found to be an excellent sclerosant. 


COMMENT 


Injection of the sclerosant into the collapsed varix permits a rela- 
tively undiluted solution to remain in contact with the intima during 
the period of elevation of the extremity. The surplus solution flows 
into the deep venous system where it is diluted and rendered ineffec- 
tive as a sclerosant. The period of twenty minutes in which the ex- 
tremity remains elevated and the veins collapsed is sufficient to initiate 
an intimal reaction which proceeds to thrombosis and, finally, fibrosis. 
In nearly all of our patients, a single injection has been sufficient; a 
few patients have required two injections, the second being into a 
functionally independent varicose system; no patient has required 
more than two injections for complete thrombosis. If recurrence after 
sclerosing therapy is due to incomplete injection, the technique sug- 
gested in this paper should minimize this possibility. 


With the method suggested here there is an appreciably greater 
periphlebitis produced parallel to the greater venous length which is 
inflamed and thrombosed. This pain can be adequately controlled with 
the usual analgesics such as aspirin, phenacetin, or small dosés of codeine. 
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SUMMARY 


A suecessful method of sclerosing varicose veins by the injection 


method is described. With this technique the sclerosant is injected into 
relatively bloodless veins. Usually, it has been possible to produce 
thrombosis of the entire varicose system by a single injection of sclerosant. 
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*CYLINDROMA”’ (ADENOCARCINOMA, CYLINDROMA TYPE) 
Report or Two Cases Wirth METASTASIS 


B. Dockxerty, M.D., ANp CHARLES W. Mayo, M.D. 
RocHESTER, MINN. 
(From the Division of Surgical Pathology, and the Division of Surgery, Mayo Clinic) 


N A recent review of primary tumors of the submaxillary gland? we 
called attention to the frequent incidence, in this location, of a type 
of neoplasm termed ‘‘cylindroma.’’ It was found that throughout the 
literature in general, and in many of the older cases of our own series in 
particular, this neoplasm was confused frequently with ‘‘mixed tumor.’’ 
It was observed, in our series, that these cylindromas (adenocarcinomas 
of cylindroma type) were associated with an extremely high incidence of 
recurrence, even after radical operative procedures. Infiltrative tend- 
encies were most pronounced with special reference to perineural’lym- 
phatic involvement. Metastasis was not infrequent and the prognosis, 
in general, proved unfavorable not only in those instances in which the 
neoplasm was a pure cylindroma but also in our small group of examples 
showing transition to the mixed tumor type. 

During preparation of the aforementioned review two additional ex- 
amples of ‘‘eylindromas’’ came under our observation. In one case the 
tumor had its origin in the tongue; in the other the primary site could 
not be ascertained with certainty, but the parotid gland appeared to be 
the probable source. In reporting these two cases it is not our purpose 
to review the literature or to enter into controversies regarding histo- 
genesis. Our wish is merely to reemphasize the dangerous potentialities 
of this particular type of malignant process and the importance of dis- 
tinguishing it from the ordinary mixed type tumors which have a vastly 
different prognosis. 


REPORT OF CASES 


Case 1.—A married white man, 35 years old, first registered at the Mayo Clinic on 
June 17, 1939, complaining of pain in the right ear of four years’ duration. The 
family and personal histories were irrelevant. Previous operations had included ap- 
pendectomy in 1922 and tonsillectomy in 1938. The condition of which the patient 
complained had begun rather insidiously, with intermittent pain in the right ear, in 
1935. Just prior to the onset of pain the patient had been swimming much and to 
this he had attributed his trouble. The pain continued, however, and became constant 
in character. Usually it was a dull ache, but as time went on, sharp exacerbations 
began to occur at irregular intervals. Tonsillectomy had been performed but had 
given him practically no relief from symptoms. During the year prior to his ad- 
mission, soreness had developed in the right side of the throat, At about this time 
the patient observed that chewing aggravated the pain in his right ear. He com- 
plained of nothing else except mild dyspepsia of some years’ duration. Extensive 
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studies made at that time revealed nothing more serious than granular pharyngitis 
and a healing duodenal ulcer. The pain in the ear was considered to be on the basis 
of glossopharyngeal neuralgia. The patient was dismissed with instructions to follow 
a regime for ambulatory patients with ulcer. 

The patient was next seen at the clinic on June 18, 1941. The pain in the right 
ear and the soreness in the right side of the throat had persisted, with increased 
severity, the pain sometimes awakening the patient at night. Recently there had 
developed a ‘‘ paralyzed feeling’’ in his throat, with some difficulty in swallowing and 
articulating. He also stated that food particles seemed to lodge at the base of his 
tongue, on the right side. 

Examination disclosed an indurated, submucous nodule on the right side of the 
tongue, near the base. This nodule was fixed superficially and deeply, and was 
considered to be malignant. One of the upper deep cervical lymph nodes was enlarged 
and somewhat firm, suggesting the probability of metastatic involvement. The re- 
sults of general physical examination were otherwise negative except for a question- 
able enlargement of the liver. Roentgenograms demonstrated a persistence of a 
duodenal deformity characteristic of ulcer. 

At operation on June 25, 1941, the tumor of the tongue was found to be too ex- 
tensive’ for surgical removal. Biopsy was therefore done and fourteen radon seeds 
were inserted. Seven radon seeds also were inserted into the substance of the 
enlarged right cervical lymph node which had been ascertained, at the time of opera- 
tion, to be malignant. 

The patient made two subsequent visits to the clinic. On the first of these, August 
18, 1941, reduction was noted in the size of the primary lesion of the tongue and of 
the metastatic nodule in the cervical region. On his last admission, Oct. 11, 1941, 
the patient complained of pain and tenderness in the right side of the upper part of 
the abdomen. This pain had some features suggestive of cholecystitis with stones 
and, on one occasion, had necessitated the use of opiates for relief. It was described 
as a persistent dull ache with frequent exacerbations of increased severity. Loss of 
strength and appetite were noted, but not jaundice or fever. Chilly sensations had 
accompanied one of the attacks of pain. 

Examination of the head and neck revealed marked reduction in the size of the 
primary neoplasm, as well as in that of the metastatic nodule. Opinions regarding 
the condition of the abdomen were best summarized in the consultant’s note: 
‘Tender, nodular, enlarged liver with constant pain past six weeks, Severe attack 
seven days ago requiring opiates for relief. Considerable loss of strength and weight. 
Impresses me as metastatic carcinoma of the liver (source ?). Believe exploration 
warranted because of youth and good general condition of patient.’’ 

On Oct. 14, 1941, surgical exploration of the abdomen was carried out through a 
small right rectus incision. The liver was found ‘‘to be full of metastatic (tumor) 
nodules.’’ A small specimen for biopsy was taken from one of these nodules to 
determine the primary source of the malignancy. Because of the utter hopelessness 
of the patient’s condition no further roentgen therapy was advised. He was dis- 
missed from our care on Oct. 22, 1941. 

Pathologic Aspects.—Material for study consisted of two small nodules removed 
at biopsy from the tongue and liver, respectively. These nodules were grayish brown 
and of rather firm consistency. There was nothing on gross examination, however, to 
suggest the exact nature of the pathologie process involved. Study of microscopic 
sections prepared from both lesions presented pictures so similar as to enable one to 
write a single pathologie description. Under the low-power objective one was struck 
by the cellularity and manifestly malignant properties of the lesion, In neither in- 
stance could the invaded tissue (lingual muscles and hepatic parenchyma) be identi- 
fied. In both lesions a characteristic arrangement of tumor cells was seen, with a 
grouping in the form of plugs or cylinders, many of which contained hollow centers 
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(Fig. la and b). Under the higher power objectives of the microscope the tumor 
cells were seen to be small and deeply stained with hematoxylin. Size was remarkably 
uniform and cytoplasm was scanty in amount and ill defined in outline. The nuclei 
were relatively large, and very hyperchromatic, yet mitosis was rarely encountered. 
The cystic areas observed were seen to represent attempts at the formation of acini 
and alveoli, and the entire picture appeared to be, compatible with a diagnosis of 
grade 1 adenocarcinoma (Broders), eylindroma type. Hyaline stromal changes so 
typical of cylindroma were noted. 


Fig. 1.—a, Primary lesion of the tongue, showing strands and solid and cystic 
cords of cylinders of small hyperchromatic tumor cells (hematoxylin and eosin K135):; 
b, adenocarcinoma, grade 1, cylindroma type, from one of the metastatic nodules in 
the liver (hematoxylin and eosin 135). 


CASE 2.—A married white woman, 48 years old, first registered at the clinie on 
June 14, 1958, complaining of pain in the right ear, of nine years’ duration. Her 
family history and past medical record had been irrelevant. The patient’s husband 
and three children were living and well. Her present illness had begun nine years 
prior to registration, with intermittent pain in the region of the right ear. This 
pain continued, and when medical advice was sought a small tumor was discovered 
and removed. The pathologic report at that time was adenocarcinoma, probably of 
sebaceous glandular origin, and the patient was treated with a total of 5400 milli- 
gram hours of radium with a view to preventing recurrence. Temporary control was 
obtained, but pain returned. 

Examination at the clinic disclosed what appeared to be 2 recurrence of a malig- 
nant process filling the right external auditory canal. Extension was apparent in 
the upper and inner aspect of the auricle. Postauricular tenderness was elicited. 
Roentgenograms of the right mastoid region revealed a diffuse cloudiness, with no 
actual evidence of destruction of bone. 


At operation on June 15, 1938, an extensively recurrent neoplasm was found in- 
volving the entire external auditory meatus. The inner and upper surfaces of the 
auricle were involved and there was extension into the skin of the preauricular and 
postauricular regions. Deeply, involvement of the right mastoid process was ap- 
parent. An extensive operation, including mastoidectomy and removal of the vesicles, 
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was performed in an effort to eradicate the neoplastic tissue, which proved to be 
grade 2 adenocarcinoma of the cylindroma type. Postoperatively, intensive roentgen 
therapy was administered. The patient returned on four occasions for further ob- 
servations and continuance of roentgen therapy. On her fourth admission (July 5, 
1939), she complained of preauricular tenderness and a nodule in the mastoid region. 
Examination disclosed several zones of apparently recurrent neoplastic tissue in the 
preauricular and postauricular areas. These were treated by excision (cautery). 
Needles containing radium were inserted locally. Microscopically, the nodules of 
tissue removed again were typical of adenocarcinoma of the cylindroma type. 

During the patient’s three visits to the clinic, from 1939 to 1941, it was apparent 
that the disease had been arrested locally, On July 9, 1940, an enlarged right cervical 
lymph node was removed. This proved to be inflammatory. The patient’s last ad- 
mission was on March 9, 1942. She sought attention because of several small lumps 
which had recently appeared in the right side of the neck. These nodules had been 
somewhat tender. Examination disclosed the presence of two enlarged firm nodules 
in the right upper cervical region. There was no evidence of local recurrence of the 
malignant process, 


Fig. 2.—a, Adenocarcinoma, grade 2, cylindroma type; the primary lesion shows 
pronounced cellularity with a veritable honeycombing of the cylinders which vary con- 
siderably in size (hematoxylin and eosin X60); b, the metastatic lesion presents a 
picture almost identical to that of the primary neoplasm; some of the “acini” are 
filled with mucus; in others the spaces appear empty (hematoxylin and eosin X60). 


At operation on March 10, 1942, these nodes were removed in a block dissection 
involving the right cervical chain of nodes. One of the enlarged nodules proved to 
be an inflammatory lymph node. The other was diffusely invaded by a metastatic 
grade 2 adenocarcinoma of the cylindroma type. 

Pathologic Aspects.—Material for study consisted of tissue removed from the ear, 
from the preauricular and postauricular regions, and from the mastoid process (this 
last tissue had been removed prior to 1940). Available also was the metastatic nodule 
from the cervical region, removed on March 10, 1942. These specimens all had been 
preserved in formalin and were recut and restudied from blocks of tissue treated by 
the fixed frozen-section technique and stained routinely with hematoxylin and eosin. 
Stains for mucin also were employed. 
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Duplicating, for the most part, the picture described in connection with Case 1, 
certain variations were noted which merit special attention, Sections from the 
primary and the recurrent nodules appeared to be extremely cellular, Although in 
some areas the cylinders were small, in other zones they appeared very large and, 
indeed in some fields, a disposition in anastomosing sheets was apparent (Fig. 2a). 


Fig. 3.—a, Section taken from the tissue removed for the second recurrence; 
thrombi of neoplastic cells are seen filling the lymphatic spaces (hematoxylin and 
eosin X60); b, cores of the cylinders undergoing a process of hyalinization (hema- 
toxylin and eosin X200). 


Fig. 4.—Adenocarcinoma, grade 2, cylindroma type, illustrating the cellularity of 
the neoplasm. The nuclei at the periphery of the cylinder appear in palisade (hema- 
toxylin and eosin X300). 
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Central ‘‘coring out’’ of the cylinders was extremely prominent, with a veritable 
honeycombing of entire fields. These ‘‘alveoli’’ varied considerably in size. Many 
of the cystic cores were empty; others were filled with a mucoid substance (Fig. 2b), 
and still others appeared to be undergoing a process of hyalinization. Under the 
high-power objective the general cytologic features of the cells appeared to be similar 
to those described for Case 1. However, in view of the greater variation in the 
size and shape of the cells and the finding of more than occasional mitoses, a diagnosis 
of grade 2 (low) adenocarcinoma, cylindroma type, seemed to fit the lesion best. 
No nerves were found in the sections, but thrombi of neoplastic cells were seen to 
have infiltrated all available lymphatic spaces (Fig. 3a). Special features of the 
metastatic nodule from the cervical region were a more pronounced tendency toward 
hyalinization (Fig. 3b) affecting both the ‘‘acini’’ and the stroma, and a degree of 
‘‘palisading’’ (Fig. 4) not observed in the primary lesion. This palisading was most 
prominent at the peripheries of islands of tumor cells, 


COMMENT 


Adenocarcinoma of the ecylindroma type is most frequently en- 
countered in the parotid gland, where, according to Stein and Geschick- 
ter, the incidence is 17.4 per cent of the tumors arising therein. The sub- 
maxillary gland follows next in order, with approximately the same rela- 
tive incidence of ‘‘eylindromas,’’ but with a much smaller total number 
of neoplasms arising in this location. It is well known, however, that 
‘‘eylindromas’’ can arise in connection with the lips, gums, tongue, floor 
and roof of the mouth, pharynx, larynx, and even the lacrimal gland. 
Briefly, they can oecur wherever mucous glands are found about the head 
and neck.t. The aforementioned locations are, in the same order of fre- 
queney, the favorable locations for the so-called mixed tumors. These 
characteristics, together with the fact that adenocarcinoma of the mixed 
tumor type is five to ten times more commonly encountered than adeno- 
carcinoma of the cylindroma type, have combined to mask the distinction 
between these two forms of malignancy. The occasional discovery of 
neoplasms having features of both types has merely added to the diffi- 
culty. It has been our experience, however, that whenever a ‘‘mixed 
tumor’’ has exhibited cylindromatous areas microscopically, the prog- 
nosis has appeared to be almost as serious as it would be if the neoplasm 
existed as a pure ‘‘eylindroma.’’ 

Is the term ‘‘eylindroma’’ used ill advisedly in connection with neo- 
plasms of this unusual type? Probably not, if the prefix adenocarcinoma 
is used to indicate an origin from glandular epithelium, so that confusion 
of the tumors with cylindromas of the skin is thereby avoided. This last 
mentioned type of neoplasm is a basal-cell epithelioma which is usually 
associated with a good prognosis. 

The relatively long clinical history in each of these two cases of 
‘‘eylindroma’’ is in keeping with our findings in connection with similar 
lesions of the submaxillary gland. It adds further to the difficulty of 
preoperative separation of the tumor from some of the more rapidly 
growing examples of mixed tumor. The persistent pain suffered by both 
patients recalls the frequency of pain (70 per cent) noted in our series 
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of submaxillary tumors. Finally, it is noteworthy that in both patients 
concerned in this report metastasis developed while the primary lesion 
seemingly was being controlled by local treatment. This observation em- 
phasizes further not only the importance of the early recognition of 
‘‘eylindromas’’ but also the necessity for a reserved, if not a guardedly 
bad, prognosis. 


SUMMARY 


Two examples of metastasizing adenocarcinomas of cylindroma type 
are recorded. These tumors ¢an arise from many situations about the 
head and neck. They are sometimes confused with the more commonly 
occurring mixed tumors, but should be carefully delineated from the 
aforementioned group because ‘‘eylindromas’’ demand early treatment 
of a vigorously radical nature. 
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PROBLEMS IN THE SURGICAL MANAGEMENT OF 
DIABETIC GANGRENE 


CHARLES W. McLAuGHLIN, JR., M.D. 
OmaHa, NEs. 
(From the Department of Surgery, University of Nebraska College of Medicine) 


HE surgical treatment of diabetic gangrene has presented a prob- 

lem of increasing interest since the discovery and general use of 
insulin. Twenty years ago coma was the major complication and 
cause of death in diabetes mellitus. Relatively few patients with a 
severe form of the disease lived past midlife, and surgical deaths were 
proportionately infrequent. Joslin* found that 51 per cent of a series 
of 1,147 diabetic deaths prior to 1922 resulted from coma, while only 
9.8 per cent could be attributed to surgical complications. At the pres- 
ent time coma is responsible for less than 5 per cent of the diabetic 
deaths. These patients now survive until the sixth or seventh decades, 
when heart disease or infection and gangrene of the lower extremities 
is the principal cause of death. 

The purpose of this paper is to report our experience in the surgical 
management of diabetic gangrene at the University of Nebraska dur- 
ing the ten-year period from 1932 to 1942. The patients were all seen 
in the University Hospital, a teaching institution with 250 beds which 
accepts only charity patients from the entire state. This analysis 
covers a decade marked by prolonged drouth and repeated crop fail- 
ures in this area. The majority of patients came to us from small 
rural communities, farms, and ranches. Many were first seen by their 
local physician when infection or gangrene of an extremity was well 
established and were immediately referred to the hospital for emer- 
gency surgery. It is obvious that problems encountered with such a 
group of patients will differ from those in private practice or even on 
a charity service in one of our large urban centers. Regular care or 
attendance at a medical clinie with supervision of the diet, insulin, and 
care of the extremities has not been the rule in those who were known 
to have diabetes. These factors must be kept in mind in considering 
the analysis of our results in the treatment of diabetic extremities with 
infection and gangrene. 

From 1932 to 1942 admissions of patients with diabetes mellitus to 
the University Hospital were 802. Of these admissions, fifty-three dia- 
betie patients with infection or gangrene of the lower extremities have 
been seen on the surgical service, an incidence of 6.6 per cent. John’ 
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reported that the incidence of gangrene in diabetic patients varies 
from 2.4 to 18 per cent in the reported series; the average in thirteen 
large clinics is 5.2 per cent. 


TABLE I 


SERIES or Firry-THREE PATIENTS (1932-1942) 


Males, 31 cases Youngest 44 yr. 
Females, 22 cases Oldest 79 yr. 
Average age: 
First five-year group (25 cases) 60 yr. 
Second five-year group (28 cases) 61.5 yr. 
Males 61 yr. 
Females 60 yr. 


‘The average age of these fifty-three patients was 61 years (Table 1) ; 
the youngest was 44 years and the oldest, 79 years. Joslin® has shown, 
from figures of the Metropolitan Life Insurance Company, that since 
1926 the average age of the diabetic patient at death has been in- 
creased from 44 to 61 years and that the average duration of the dis- 
ease is from 4.8 to 9 years. Eliason® reported that the average age 
of patients with diabetic gangrene increased seven years between the 
years 1926 and 1933. In McKittrick’s'* recent review of 1,036 cases 
of diabetic gangrene, the average age was 65 years. McKittrick and 
Root" had previously found that in 60 per cent of their patients, 
diabetes developed after the age of 40 years and in only 25 per cent, 
between the ages of 25 and 40 years. The surgeon may therefore ex- 
pect the diabetie patient with gangrene of an extremity to appear dur- 
ing the sixth decade of life. 

In our group 32 per cent were considered to have mild diabetes on 
admission, 59 per cent, moderate to severe, and only 9 per cent, severe. 
This classification is only relative since the true metabolic status of the 
diabetic patient can only be evaluated when all infection is controlled. 
The fact remains, however, that the majority of patients in whom 
diabetic gangrene develops are not severe diabetics when their infee- 
tion is eradicated and their carbohydrate metabolism stabilized. 

One of the striking facts in this small series was the presence of 
definite gangrene in fifteen patients, or 28 per cent, before glycosuria 
was discovered (Table II). Twelve patients were admitted to the hos- 


TABLE II 


KNOWN DURATION OF DIABETES IN SERIES OF Firry-THREE PATIENTS 


TIME CASES PERCENTAGE 


Unknown on admission 12 
1 month to 1 yr. 5 
1 to 2 yr. + 
2 to 5 yr. 11 
5 to 10 yr. 11 
Over 10 yr. 10 


Fifteen patients, or 28 per cent, had gangrene before glycosuria was discovered. 


= 
| 
| 
ay 
pee 
3 
23 
9 
21 
21 
‘ 


MC LAUGHLIN: MANAGEMENT OF DIABETIC GANGRENE 425 


pital before a diagnosis of diabetes was made, and twenty-one patients, 
or 40 per cent, had either not known they had diabetes when hospital- 
ized or gave a history of glycosuria for less than two years. Eliason® 
found that 50 per cent of 175 patients with established diabetic gan- 
grene admitted to the Philadelphia General Hospital were unaware 
that they had glycosuria. 

Joslin® has aptly said that the surest way to produce gangrene in 
the diabetic patient is to keep him alive and provide inadequate treat- 
ment. This statement is amply supported by the infrequent occurrence 
of diabetic gangrene in patients under good medical supervision and 
the much higher incidence and mortality among the indigent. An ex- 
ample is the experience of Standard, Brandaleone, and Ralli?® with 
diabetic gangrene in two series of patients. Prior to the onset of gan- 
grene, one group had received adequate diabetic care, the other series 
none. In the latter series mortality from gangrene was twice as high 
and three times more frequent following major amputations as in the 
first group of previously treated patients. 

The type of medical therapy received by our group of fifty-three 
patients prior to their admission with gangrene is listed in Table III. 


TABLE III 


PREVIOUS TREATMENT FOR DIABETES IN SERIES OF Firty-THREE PATIENTS 


TREATMENT CASES PERCENTAGE 
None 21 39 
Poor at 21 
Fair 17 3 


Good 4 8 


Of twenty-one patients untreated for their glycosuria, fifteen were ad- 
mitted without knowledge that they had diabetes. <A total of 60 per 
cent of patients known to have diabetes had received entirely inade- 
quate treatment, while only 8 per cent had been under good medical 
management. Responsibility for this poor record in the medical con- 
trol of these patients is difficult to assign. Economie conditions and 
distance from competent medical supervision were undoubtedly impor- 
tant factors. In addition, the ignorance and indifference of these indi- 
viduals remain obstacles to be overcome. In those who had had pre- 
vious hospitalization and instruction covering diet, use, of insulin, and 
care of the extremities, this advice was often forgatten or ignored as 
soon as symptoms were relieved. vig 
Education undoubtedly can and will help reduce the, incidence of 
infection and gangrene in diabetic patients. The increasing popularity 
of periodic health examinations will bring to light many cases of mild 
diabetes which we may expect to develop during the fifth, sixth, and 
seventh decades. Simplified diets and the use of protamine insulin 
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are making adequate control easier for the diabetic patient of limited 
intelligence. Greater effort must be made to impress all diabetic pa- 
tients with the importance of proper care of the feet. 


In Table IV the known precipitating factors preceding the onset of 
gangrene in our series of patients are listed. Burns from hot water 
bottles, blisters from tight shoes, and the injudicious paring of corns 
were responsible, in the order named. 


TABLE IV 


PRECIPITATING FACTORS PRECEDING ONSET OF GANGRENE 


FACTORS CASES PERCENTAGE 


Burns (hot water bottle) 14 
Blisters (tight shoes) 9 
Frostbite 4 
Paring corns 
Trauma 4 
Unknown 61 


Brandaleone’ and his associates have emphasized the value of prophy- 
lactic foot care in patients with diabetes. They found in their series 
that special instruction in the care of the feet reduced the number of 
pedal infections requiring hospital admission from 10 to 4.6 per cent 
and the number of amputations, from 32.4 to 25.9 per cent. 

Extensive wet gangrene of the toes and foot, often extending into 
the leg, was the most common type of lesion encountered (Table V). 


TABLE V 


EXTENT OF PATHOLOGY ON ADMISSION IN SERIES OF FirTy-THREE PATIENTS 


PATHOLOGY CASES PERCENTAGE 
Penetrating ulcers of feet 9 17 
Dry gangrene (limited to toes) 6 11 
Wet gangrene (toes—distal foot) 6 11 
Extensive wet gangrene (foot) 32 61 
Unilateral involvement 34 62 
Bilateral involvement 19 38 


These patients with toxemia, sepsis, acidosis, and uncontrollable dia- 
betes and with the constant hazard of gas bacillus infection present a 
very grave surgical emergency. Those individuals with dry gangrene, 
infected penetrating ulcers of the feet, or moist gangrene limited to 
one or two toes were not acutely ill, and their treatment did not de- 
mand the same heroic measures. It is characteristic that nineteen 
patients, or 38 per cent of the group, had bilateral involvement of the 
lower extremities when first seen. 

The relationship between arteriosclerosis and diabetes is now well 
appreciated. Experience has shown that the arteriosclerotic process 
continues to advance in spite of therapy, with the result that the dia- 
betic patient’s vessels are usually ten years older than the patient. 
Olmsted"* has observed that pulsations in the lower extremities of 
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these patients tend to disappear ten to twenty years earlier than in 
nondiabetic individuals. Lisa, Magiday, and Hait’® recently reported 
a study of the peripheral vessels in amputated gangrenous limbs of 
106 patients. Of these, approximately one-half (fifty-five) were dia- 
betic patients averaging 65 years of age, while the fifty-one with 
arteriosclerotic gangrene had an average of 68 years of age. In the 
vessels of the two groups of patients no characteristic pathologie dif- 
ferences could be distinguished. 


Calcification of the peripheral vessels was demonstrated by x-ray by 
Morrison and Bogan" in 53 per cent of 324 consecutive diabetic pa- 
tients and was demonstrable in 91 per cent of those who were known 
to have diabetes for a ten-year period. X-ray studies of the lower 
extremities of forty-three of our patients (Table VI) showed visible 


TABLE VI 


X-RAY FINDINGS IN INVOLVED LIMBS IN SERIES OF FoRTY-THREE PATIENTS 


X-RAY FINDINGS CASES PERCENTAGE 
No visible calcification 8 19 


Moderate calcification 10 23 
Marked calcification 16 37 
Osteomyelitis, calcification 6 14 
Gas in soft tissues 3 7 


Ten patients not examined by x-ray. 


calcification of the peripheral vessels in 74 per cent, with marked eal- 
cification in 37 per cent. Although a peripheral vessel] demonstrating 
visible calcification cannot be assumed to be ineapable of carrying 
blood, its ability to demonstrate palpable pulsations is important from 
the standpoint of prognosis and treatment. However, it is quite un- 
usual to find either a pulsating dorsalis pedis or posterior tibial artery 
in an individual with marked calcification of the peripheral vessels. 
Gas in the soft tissues of the feet was noted by x-ray in three cases. 
This finding does not always indicate the presence of anaerobic gas- 
forming organisms since the colon group are capable of producing a 
similar picture. In two patients a diagnosis of gas bacillus infection 
was established by clinical and bacteriologic study, while in the third 
patient anaerobic organisms could not be demonstrated. 


It is extremely difficult in a general hospital to standardize the treat- 
ment of any group of patients with diabetic gangrene. The problems 
presented by the individual case demand the closest possible coopera- 
tion between internist and surgeon. Experience in the majority of our 
large teaching clinics has amply demonstrated the importance of man- 
agement of these patients by a small team of medical men and sur- 
geons especially interested in these problems and equally willing to 
devote the required time and care. Every reported series of patients 
so handled has shown a striking improvement in mortality with a com- 
mendable reduction in hospital days. Our series of patients was not 
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thus supervised; the internist on service was responsible for the care 
of the diabetes and the surgeon on ward service at the time of the 
patient’s admission was responsible for surgery. Inevitably this sys- 
tem will result in a higher mortality because of split responsibility, 
ultraconservatism of either internist or surgeon, and lack of the per- 
fect teamwork essential in the management of these complex problems. 


In the surgical treatment of patients with diabetic gangrene, the 
selection of the anesthetic agent is extremely important. The ideal 
anesthetic has a wide margin of safety, permits satisfactory perform- 
ance of the proposed procedure, does not lower local tissue resistance, 
and interferes as little as possible with the patient’s metabolism. Pen- 
tothal sodium has been our choice in minor surgical procedures, in- 
cluding amputation of toes, débridement, incision, and drainage. Low 
selective spinal anesthesia, using 50 mg. of novoeain, has been very 
satisfactory for all major amputations. When an inhalation anesthetic 
was necessary, cyclopropane was preferred to nitrous oxide or nitrous 
oxide and ether. We have had no experience with anesthesia by re- 
duced temperatures as recently advocated by Crossman. and associates.” 

For all procedures of election the patient is given his regular break- 
fast with necessary insulin at 7 a.m. After a period of three hours, 
surgery is carried out under pentothal or spinal anesthesia with little 
risk of nausea or vomiting. Two hours after operation orange juice 
is permitted by mouth and by evening the regular diabetic diet. Those 
admitted as surgical emergencies, requiring prompt débridement or 
open amputation, are given intravenous glucose covered with insulin 
to correct acidosis. Following operation they are given orange juice 
with necessary insulin at four-hour intervals; a diabetic diet is pre- 
scribed by the attending internist as soon as it can be tolerated. 


TABLE VII 


TREATMENT IN SERIES OF Firty-THREE PATIENTS 


MORTALITY 
CASES |PER CENT 


TREATMENT | CASES | PER CENT 


Conservative therapy 32 2 12 
Conservative surgery 
Incision and drainage 
Toe amputation 
Primary major amputation 
Primary conservative surgery with 
subsequent major amputation 
Major amputation requiring 
reamputation 


There was a hospital mortality of 12 patients in series of 53, or 22.6 per cent. 


There was an operative mortality of 10 patients in series of 36, or 27.7 per cent. 


An outline of surgical treatment is given in Table VII. Conservative 
therapy with or without minor surgical procedures was used in twenty- 
seven patients, or 52 per cent of the series. In this group only two 
deaths occurred, both in patients admitted in extremis. It would be 
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ideal if all patients with infection or gangrene might be admitted suffi. 
ciently early to make conservative measures more frequently feasible, 
with resultant saving of limbs. Primary major amputation in nineteen 
patients resulted in seven deaths, a mortality rate of 37 per cent. In 
two patients major amputation required reamputation, with one death ; 
and seven patients with primary conservative surgery were followed 
by subsequent major amputation, with two deaths. In this whole series 
of fifty-three patients, twelve died, a mortality of 22.6 per cent. Of the 
thirty-six patients operated upon, ten died, a surgical mortality of 27.7 
per cent. 

In an analysis of the mortality rate for major amputations in dia- 
betic patients reported by sixteen surgeons, John’ found a variation 
of from 5 to 65 per cent, depending upon the hospital and the type of 
patient. Williams and O’Kane?! report that institution of a diabetic 
service reduced mortality from 85 to 36 per cent in a four-year period. 
Zierold’s** mortality in major amputations dropped from 50 to 10 per: 
cent in one year’s time after institution of a two-stage procedure in 
the care of extensively infected patients. Pearse and Ziegler’’ record 
a similar decrease in mortality from 45 to 12 per cent. McKittrick" 
recently reported a commendable mortality rate of only 11.5 per cent 
in a series of 407 patients with diabetic gangrene subjected to a closed 
supracondylar amputation. This procedure, in the presence of exten- 
sive wet gangrene or infection, followed a previous open guillotine 
amputation below the knee. 

The highest mortality in our group occurred in the nineteen cases 
of primary thigh amputation, a result to be anticipated in patients 
with extensive spreading infection, wet gangrene, and marked sepsis. 
Of this group, four succumbed to gas gangrene involving on admission 
the entire leg in two eases and arising in the amputation stump in the 
other two (Table VIII). Bilateral gangrene accounted for one death 
and sepsis and pneumonia for the remaining two fatalities. 


TABLE VIII 


ANALYSIS OF CAUSE OF DEATH IN SERIES OF TWELVE PATIENTS 


CAUSE OF DEATH CASES PERCENTAGE 
Sepsis, arteriosclerosis, pneumonia 7 58 
Gas bacillus infection 

Arising in amputation stump 2 17 

Extensive involvement of limb 2 17 
Toxemia, bilateral gangrene 1 8 


For the last two years we have increasingly used a two-stage proce- 
dure in these desperately ill patients with wet gangrene, plantar space 
abscess, or spreading infection limited to the foot. Correction of 
ketosis is followed by extensive débridement of all infected and gan- 
grenous tissue or wide incision, as suggested by Zierold.*? Definite 
clinieal improvement is usual, with return of normal temperature and 
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rapid relief from sepsis. After three days of normal temperature, a 
high amputation at the site of election is carried out in a patient whose 
general condition is greatly improved. MceKittrick,’* Pearse and 
Ziegler,** and also Gallie® advocate the employment of such a two- 
stage procedure but favor a guillotine amputation through the leg fol- 
lowed in a suitable period by a closed amputation at the supracondylar 
level. Our patients with infection and gangrene extending above the 
ankle have been treated by an open circular amputation in the mid- 
thigh with subsequent secondary closure.*® 


TABLE IX 


TYPES OF MAJor AMPUTATIONS EMPLOYED 


AMPUTATIONS EMPLOYED CASES PERCENTAGE 


Cireular midthigh drained 17 61 
Cireular midthigh not drained 4 14 
Callander, no drain 4 14 
Flap amputation below knee 3 11 


There were twenty-eight major amputations in twenty-six patients. 


A midthigh amputation with short anterior and posterior flaps was 
the most common procedure employed in this series of patients (Table 
IX). The type of amputation described by Callander was used four 
times; three patients had flap amputation below the knee, but this 
type of procedure has not been employed recently, and, in general, its 
use is not advisable in diabetic patients.* * 7! Anatomically the Cal- 
lander amputation gives an excellent stump, but the considerably 
longer operative time required is often a distinct disadvantage. Our 
preference for the midthigh level has been dictated by the extent of 
pathology present and by the fact that such patients very rarely im- 
prove sufficiently to wear an artificial limb. The closed supracondylar 
amputation advocated by McKittrick’* and Samuels’® is commend- 
able in reducing time required for wound healing and the excellent 
stump which results. However, this type of closed procedure demands 
a clean operative field, meticulous technique, and previous control of 
any spreading infection in the adjacent leg. 

Our experience with wound healing in these diabetic stumps confirms 
the dictum of Eliason that ‘‘clean wounds in diabetes do not heal as 
kindly as in nondiabetics.’ He has reported that some form of infec- 
tion with severe diffuse suppuration developed in 42 per cent of the 
amputation stumps in a large series of patients. In our series of 28 
major amputations, definite wound infection developed in sixteen 
patients, or 57 per cent (Table X). Drainage for forty-eight hours was 
used in twenty patients, in twelve of which (60 per cent) frank wound 
infection developed. The wounds failed to heal by primary union or 
became infected in four of the remaining eight patients who had «losed 
amputations. The controversy over use of drains after major amputa- 
tions for diabetic gangrene is familiar to all interested in this type of 
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TABLE X 


WOUND HEALING IN SERIES OF TWENTY-EIGHT Mayor AMPUTATIONS 


CLEAN WOUNDS INFECTED WOUNDS 
eres, CASES | PER CENT | CASES | PER CENT 
Circular midthigh drained 17 6 35 11 65 
Circular midthigh not drained 4 1 25 3 75 
Callander, no drain q 3 75 1 25 
Flap amputation below knee 3 2 66 i 33. 


surgery. In the majority of our series drains were deemed advisable 
because of the extensive adjacent infectious process, the frequency of 
gas infection, and the needed exit for serum. The trend of the past 
few years has definitely been toward nondrainage. Admittedly a drain 
may permit entrance of organisms into a clean wound and delay heal- 
ing in tissue of iow vitality, but if these amputation stumps are closed 
without drainage, any adjacent infection in the leg must be stabilized, 
hemostasis must be meticulous, and the possibility of a gas infection 
in the stump constantly kept in mind. The two-stage procedure in 
cases of extensive spreading infection, together with local use of sul- 
fonamides, will undoubtedly reduce the number requiring drainage and 
will increase the number of clean wounds. 

Diabetic gangrene is an extremely expensive disease, as proved by 
hospital records. Since the majority of these patients are aged and 
without funds, their care becomes the responsibility of charity or the 
taxpayer. The average number of hospital days for our entire series 
of 53 patients was 47.4 days; of those who survived, fifty-two days 
(Table XI). These figures agree with those of Eliason,® who reported 


TABLE XI 


DAYS OF HOSPITALIZATION IN SERIES OF FIFTY-THREE PATIENTS 


DAYS 
Average for entire group 47.4 
Average for fatal cases 29 
Average for norfatal cases 52 
Average for fatal operative cases before surgery 13.3 
Average length life (fatal cases after surgery) 3 


an average of 36.5 hospital days for his entire group of 170 patients 
and an average of 62.2 days for those who recovered. 

Further analysis of our series discloses that those who succumbed 
following operation were in the hospital for an average of 13.3 days 
before surgery was undertaken. In certain cases it is thus apparent 
that entirely too long a period of conservative medical treatment inter- 
vened before surgical consultation was requested. The diabetic patient 
with wet gangrene or spreading infection will not and cannot respond 
to medical treatment until the infection is overcome by surgical means. 
Conservatism on the part of the medical attendant can be quite as 
disastrous as the same tendency in the consultant surgeon. The degree 
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of success attained in the management of patients with diabetic gan- 
grene depends upon the close cooperation of a competent internist and 
surgeon, each accepting full responsibility for his part of the problem 
from the time of the patient’s admission to the hospital. 

Follow-up studies on any series of patients with diabetic gangrene 
are extremely discouraging. McKittrick and Pratt’? found that only 
33 per cent of 188 patients were alive two years after operation, and 
of these 34 per cent had had bilateral amputation. Eliason® reported 
that 55 per cent of his series of 175 patients were dead within one year 
after operation. Our follow-up on this series of patients, while incom- 
plete, suggests similar results with approximately 50 per cent being 
dead within one year after their dismissal from the hospital. Few 
patients have recovered sufficiently to return to their former work or 
pursue any gainful occupation. 


CONCLUSIONS 


1. A group of fifty-three patients with diabetic gangrene occurring in 
a series of 802 patients admitted with diabetes is reviewed. 

2. Adequate medical treatment of the diabetic patient and meticu- 
lous care of the extremities are the most important factors in reducing 
the incidence of diabetic gangrene. 

3. Improved surgical results follow the more general appreciation 


of the underlying surgical principles governing the care of diabetic 
gangrene. 

4. Close cooperation of an internist and surgeon familiar with these 
problems is essential if these critically ill patients are to receive ade- 
quate treatment. 

5. Diabetic gangrene is an extremely expensive disease. The period 
of hospitalization is usually protracted, and few patients improve suf- 
ficiently to return to any gainful occupation. 
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STUDIES IN BACTERIOPHAGE 


VII. THe BeEHAvior or STaPHyLOcoccus BACTERIOPHAGE IN HuMAN 
SERUM AND BLoop 


HELEN Zaytzerr JeERN, M.D., AND FRANK L. MELENEy, M.D., 
New York, N. Y. 
(From the Bacteriological Research Laboratory of the Department of Surgery, 
College of Physicians and Surgeons, Columbia University) 


INTRODUCTION 


M ANY papers on staphylococcus bacteriophage have shown that the 
lytic activity is affected by such body fluids as blood, serum, and 
pus. Most of these studies are concerned with the power of serum to 
inhibit bacteriophage lysis. A review of this work has been reported 
in a previous communication.1_ We agree that nearly all normal human 
sera undiluted or in a 50 per cent dilution prevent bacteriophage 
lysis of bacteria in liquid medium in vitro. There is some effect, per- 
manent or passing, with dilutions of 1 in 10 and 1 in 20, while higher 
dilutions are generally ineffective.~® Repeated subcutaneous, intra- 
muscular, and intravenous injections of bacteriophage into human be- 
ings or experimental animals may increase the phage-inhibiting power 
of their serum up to a level of complete phage inactivation. This anti- 
phage is either very much more potent than, or of an entirely different 
nature from, that found in normal individuals. 

A few authors have shown that defibrinated or citrated blood also 
may inhibit staphylococcus-bacteriophage lysis. ° 

On the basis of these findings, investigators have been led to believe 
that bacteriophage is inactivated within the body. However, observa- 
tions on bacteriophage action in vivo do not fully support this idea. 
The recovery of bacteriophage from the body is difficult to explain on 
the basis of complete phage destruction by the blood or other body 
tissues. Potent staphylococcus phage has frequently been found in the 
exudate from a human lesion caused by staphylococci. We have isolated 
spontaneous staphylococcus phages from about 5 per cent of the cases 
of acute staphylococcus infections (furuncles and carbuncles) and when- 
ever we have recovered bacteriophage from a lesion it has always been 
accompanied by a susceptible organism. According to Albee’ the per- 
centage of phage recovery may be much higher in chronic infections 
(osteomyelitis) and yet the lesions are usually filled with pus and tissue 
fluids. Two of our most potent polyvalent staphylococcus phages were 
isolated from the blood stream of patients suffering from staphylococcus 
septicemia, despite the fact that the blood of one such patient inhibited 
lysis by the recovered bacteriophage in liquid medium up to a dilution 
of 1 in 40. 
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It is true that bacteriophage injected intravenously either into normal 
patients or animals can only rarely be recovered from the blood after 
24 hours. This is due in part to the excretion of phage in the urine, 
from which it can be recovered readily. However, the delay in the 
growth and the character of the colonies on blood agar plates when 
transplanted from broth blood cultures in cases of staphylococcus sep- 
ticemia suggest the continued activity in the blood, 24 to 48 hours after 
intravenous injection. Furthermore, we have found that bacteriophage 
injected locally into furuncles and carbunecles may, in some eases, per- 
sist for a week and yet the serum of one such patient inhibited phage 
lysis in high dilutions in liquid as well as on solid media.! 

It seemed to us to be worth-while to investigate these apparent in- 
consistencies. Therefore the studies presented herewith were planned. 


EXPERIMENTAL TECHNIQUE 


The blood and serum of fifteen individuals were repeatedly examined. 
Four of these were suffering from chronic furuneulosis of several 
months’ or years’ duration. Ten, classified as normal, were completely 
well but two had had occasional staphylococcus infections in the past. 
One individual had received previously twelve subcutaneous injections 
of phage in an attempt to prevent recurrent boils, and had built up 
a strong phage-inhibiting factor in the serum (antiphage). 

In the series to be presented, we studied 50, 66, and 100 per cent 
serum as well as undiluted, defibrinated, and heparinized blood. The 
serum dilutions represent the limits of the actual concentration of 
plasma in the blood.*! Heparinized blood contained 750 units of heparin 
per cubie centimeter.’? Citrated blood was not included in the experi- 
ments, previous work having shown that sodium citrate itself has a 
deleterious effect on bacteriophage. 

Most of the experiments were set up either with ©.9 ce. or 1.8 ee. 
amounts of blood or serum undiluted or diluted in saline solution, and 
0.1 ¢.e. of undiluted or diluted bacteriophage. A 5- to 6-hour-old Staphy- 
lococcus aureus culture in Savita, a yeast extract broth low in protein, 
diluted down to the fifth decimal dilution, was used in most of the ex- 
periments, in 0.1 ¢.c. amounts yielding about 100 to 500 colonies on the 
plate. 

The titer of the phage was determined by counting plaques when the 
10° and 10° dilutions were inoculated with approximately 250 mil- 
lion bacteria per cubie centimeter and 0.01 ¢.c. of each of these phage- 
bacteria mixtures was plated on a quadrant of a 1 per cent agar plate, 
which was then incubated overnight. An estimation of the lytie ability 
of the undiluted phage was made by inoculating a quadrant of an agar 
plate, first with 0.01 ¢.c. of a saline suspension of bacteria containing 250 
million bacteria per cubic centimeter and then with 0.01 ¢.c. of the phage. 

Staphylococeus-phage stock mixture S, and bacterial strain D (a 
staphylococcus isolated from a case of septicemia) were used for the 
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most part. Many of the experiments were repeated with a pure strain 
of bacteriophage D’A and staphylococcus strain McA, also isolated from 
a case of septicemia. 

All experiments were carried on for 1 week at 37° C. and at room 
temperature for the remainder of the experiment. Titrations were made 
at varying intervals, sometimes as early as 3 to 6 hours, and repeated 
after 24 and 96 hours, in some experiments also after 48 and 72 hours, 
always at 7 days, and often at longer intervals up to 4 weeks. Owing 
to the long duration of these experiments and the small quantities of 
blood which we were forced to use, it became necessary, usually at the 
time of the 7-day titration, to dilute the blood and the corresponding 
savita control with 1.0 ¢.c. of savita broth to compensate for evaporation. 


RESULTS 


The Behavior of Bacteriophage S, After Contact With 50 Per Cent, 
66 Per cent, and Undiluted Human Serum and Heparinized and Defi- 
brinated Blood in the Absence of Susceptible Bacteria.—These experi- 
ments were conducted with two sera (B and C) from ‘‘normal’’ per- 
sons who had had an occasional staphylococcus infection and two sera 
(A and D) from patients suffering with chronic furunculosis. The 
effects on phage of the undiluted sera and the 50 and 66 per cent dilu- 
tions in saline were studied by titration of the bacteriophage on solid 
medium after contact for 3 hours, 24 hours, 96 hours, and 7 days with 
0.1 ¢.c. of undiluted phage S, at 37° C. 

At no time throughout the experiment did we find any significant 
difference between the sera from the normal persons and the sera from 
the chronically ill patients. All dilutions showed a progressive inhibit- 
ing effect upon phage, which was most marked within the first 24 hours 
and brought about complete or nearly complete destruction of all phage 
at the end of a 7-day period. The degree of inhibition depended directly 
upon the concentration of the serum. 

Parallel experiments were then carried out with whole blood. Hepar- 
inized and defibrinated bloods O and M from ‘‘normal’’ individuals 
were used. Our results showed a very close similarity in the phage in- 
hibitory effect of these two bloods. The effect was slightly below that 
of 66 per cent serum. Heparinized blood produced a slightly greater 
destruction than did defibrinated blood. The titer of phage in savita 
broth also fell during the 7-day period, the chief difference being the 
more rapid loss of titer of phage in contact with serum or blood in the 
first 24 hours. Composite curves are shown in Fig. 1; individual tests 
were practically identical. 

The Behavior of Bacteriophage in Savita Broth, in 66 Per Cent Serum, 
and in Heparinized and Defibrinated Blood in the Presence of Suscep- 
tible Bacteria.—Whole defibrinated and heparinized blood and 66 per 
cent serum from patients O and M were studied in the presence and 
in the absence of bacteria. Fig. 2 shows the results obtained with 
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blood M. Neither 66 per cent serum nor whole blood produced any 
inhibition of bacteriophage in the presence of bacteria after 24 hours. 
There was actually an increase in the titer during this period. Between 
24 and 96 hours the titer of phage remained the same, and then after 
7 days a further increase occurred in the blood. This was slightly more 
pronounced in the presence of defibrinated blood than in heparinized 
blood or serum. In 66 per cent serum a very slight fall was observed. 
The results with blood O were similar except for the fact that in 24 
hours there was a slight drop in titer, This increased after 96 hours 
of incubation, and increased still more after 7 days. In the savita con- 
trol there was a fall in the titer of phage both with and without bacteria, 
although with bacteria there was an initial rise. There was the usual de- 
gree of phage inhibition of all three substances in the absence of bacteria. 


oso 


TITRE of PHAGE 


3 


DAYS 
. Titer of phage control in savita broth _.. Titer of phage in whole heparinized 
_. Titer of phage in 50 per cent serum blood 
.._ Titer of phage in whole defibrinated _..._ Titer of phage in 66 per cent serum 
blood Titer of phage in undiluted serum 


Fig. 1.—Effect of undiluted, 66 per cent, 50 per cent serum, whole defibrinated and 
heparinized blood on Staphylococcus bacteriophage in the absence of bacteria. 


To study this phenomenon in greater detail we tested nine additional 
bloods. Of these, six were taken from normal individuals, two (S and 
K) from patients suffering with chronic furunculosis, and one (J) 
from an individual who had received twelve subcutaneous injections 
of phage in an effort to prevent recurrent furunculosis. 

Undiluted Phage-—Fig. 3 shows the activity of undiluted phage §, 
containing approximately 5 x 10° corpuscles per cubie centimeter in 
seven specimens of blood in the presence of bacteria. In 3 to 6 hours 
in each of the specimens there occurred a drop in titer. Then a sharp 
upward trend began, usually reaching the maximum titer in 24 to 48 
hours. In 7 days, upon the addition of 1 ¢.c. of savita broth, to compen- 
sate for evaporation and the amounts taken for titration, a further 
increase in phage titer was observed in two of five which were so studied. 
In three a high level was maintained from the second to the fourth week. 
The savita control also showed a drop in titer during the first 3 to 6 
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hour period and an increase in 24 hours. Upon further incubation there 
was a definite downward trend which continued and was slightly or in 
no way affected by the addition of 1 ¢.c. of fresh savita on the seventh 
day. 

Phage Diluted 100 and 1000 Times.—Fig. 4 shows the activity of a 
10 dilution of phage, S,, in the presence of bacteria in nine specimens 


DAYS 


. Phage in savita A’. Phage in savita with bacteria_ 

- Phage in 66 per cent serum B’. Phage in 66 per cent serum with bac- 
teria 

. Phage in heparinized blood C’. Phage in heparinized blood with bac- 
teria 

. Phage in defibrinated blood D’. Phage in defibrinated blood with bac- 
teria 


Fig. 2.—The effect of 66 per cent serum M, whole defibrinated and heparinized 
blood M on Staphylococcus phage S: after 24 hours, 96 hours, and 7 days’ incubation in 
the presence and absence of fifty susceptible organisms per cubic centimeter. 


TITRE ofr PHAGE 


24 2 3 4 ju 
Sours DAYS WEEKS 


——- Titer of phage in bloods O, M, K, S. N. D, E 
_.__. Titer of phage in savita control: C1, C2, Cs 


Fig. 3.—Titer of undiluted Staphylococcus phage S: propagated in defibrinated 
bloods O, M, K, S, N, D, E in the presence of susceptible bacteria. 


of blood. Four of these bloods are the same as those used with undiluted 
phage. From this chart we can see that in all cases there occurred an 
initial drop in phage titer between 3 to 6 hours. 

In 24 hours a considerable amount of individual variation in phage 
activity in different bloods can be seen clearly. In four specimens of 
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blood there was a definite multiplication of bacteriophage. In one of 
these four bloods the phage reached the original titer, that is, it multi- 
plied 1000 times in 24 hours. In four other bloods the titer continued 
to rise after 24 hours. When 1 ¢.c. of savita was added to the tubes 
on the seventh day of incubation the titer often continued to inerease. 
In those cases which reached a high titer the bacteriophage maintained 
this level for at least 4 weeks, the duration of the experiment. In three 
bloods a gradual decrease of the phage titer occurred so that within 1 
week all traces of phage had disappeared and the addition of savita on 
the seventh day failed to revive them. 


Ss 
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TITRE of PHAGE 


3h 6h 2th 2 4 


3 
HOURS DAYS WEEKS 


Titer of phage in bloods O, K, P, R, D, E, B and N 
___- Titer of phage in savita control: C: and C2 


Fig. 4.—Titer of 10-2? dilution of Staphylococcus phage S: propagated in defibrinated 
bloods O, K, P, R, B, D, E and N in the presence of bacteria. 


In one blood (E) the bacteriophage seems not to have multiplied at 
all, but it did not disappear upon incubation. 

The corresponding control of 10-? dilution of phage in savita reached 
its maximum titer within 24 hours. After this time the titer steadily 
decreased and phage disappeared in spite of the addition of a fresh 
savita inoculum on the seventh day. 

Bacteriophage S, in a dilution of 10 was propagated at the expense 
of a small number of bacteria in five specimens of blood. In four of 
these specimens all evidence of phage disappeared in 3 to 48 hours. 
Only in one blood was there a definite indication of bacteriophage multi- 
plication. The phage controls in savita behaved similarly to those in a 
dilution of 10-°. 

Effect of Undiluted Blood on Bacteriophage in the Presence of Dvf- 
ferent Amounts of Bacteria.—In this experiment a series of four tubes 
with 0.9 ¢.c. of heparinized blood plus 0.1 ¢.c. of phage were inoculated 
with 100, with 10,000, with 1,000,000, and with 200,000,000 bacteria 
respectively, all being suspended in 0.1 ¢.c. of savita. Four tubes of 
savita broth plus phage suspensions were inoculated with bacteria in a 
similar way as controls. 
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Titrations were carried out at varying periods of time from 24 hours 
to 25 days of incubation. The blood containing 100 bacteria per cubie 
centimeter gave a higher count than that which contained a greater 
number of bacteria. On the other hand, the titer of phage propagated 
in savita was the highest when propagated ‘at the expense of 200 million 
bacteria and lowest in the presence of an inoculum of 100 bacteria per 
cubie centimeter. Fig. 5 shows the titer of phage S, propagated in blood 
and savita at the expense of 100 bacteria and 200 million bacteria per 
cubie centimeter respectively. These experiments were repeated with the 
same result with other specimens of heparinized and defibrinated blood. 


BL000 5. 


BLOOD L 


SAVITAL. 


SAVITAS. 


TITRE of PHAGE 


Se : DAYS WEEKS 


— Blood S. No. = 100 bacteria per c.c. ._. Savita S. No. = 100 bacteria per c.c. 


«- Blood L. No. 200 million bacteria .... Savita L. No. 
per c.c. per c.c. 


200 million bacteria 


Fig. 5.—Effect of whole blood on Staphylococcus phage in the presence of different 
amounts of bacteria. 


DISCUSSION 


Most workers in the field of bacteriophagy accept the reported ob- 
servations that blood inactivates phage or prevents its lytie action and 
have assumed, therefore, that the clinical benefit seen following bacter- 
iophage therapy in cases of bacterial infection cannot be due to bacterial 
lysis in vivo. Such an opinion is expressed by Krueger and Scribner 
in their recent review of the bacteriophage problem.'* They state this 
rather emphatically and say that if bacteriophage is of any benefit in 
such cases the explanation will have to be found in one or more of the 
other possibilities, namely (1) increased leucocytosis and phagocytosis, 
(2) baeterial dissociation with avirulent progeny, (3) the stimulation of 
antibacterial immunity of a specific or nonspecific nature or (4) protein 
shock. 


Our experience with bacteriophage in the treatment of staphylococcus 
septicemia would seem to cast doubt upon items (4) and (3) because 
we have propagated our phage in savita medium, which is practically 
protein-free, and we seldom see any reaction indicative of protein shock. 
Furthermore, the clinical benefit is often apparent in 24 to 48 hours 
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before there can be any time for the development of immunity and be- 
fore any antibacterial substances can be demonstrated. With regard 
to bacterial dissociation the question arises whether dissociation ean 
take place without associated bacterial lysis. This factor eannot be 
ruled out. Increased leucocytosis and phagocytosis may take place but 
this is not a striking feature of patients who recover, nor is a falling 
leucocytie count indicative of a bad prognosis. 

The studies presented above indicate that the possibility of bacterial 
lysis and propagation of bacteriophages in vivo must be given further 
consideration. We have obtained potent spontaneous bacteriophages 
from the blood of patients with staphylococcus septicemia before the 
injection of our stock bacteriophage. We have obtained phage from 
the urine after intravenous injection. We have occasionally found 
phage in pus, which yielded no bacterial growth, 24 hours after local 
instillation of stock phage into local lesions. These observations in addi- 
tion to the above data would seem to support the belief that phage may 
at times propagate and produce lysis in vivo. 

There is evidence that every specimen of human blood is capable of 
destroying a certain number of bacteriophage corpuscles. Knowing that 
0.1 ¢.c. of 10-* dilution of phage in 0.9 ¢.c. of blood contains approxi- 
mately five times 10** bacteriophage corpuscles we can conelude that 
many bloods are capable of destroying this number of phage corpuscles; 
some bloods seem capable of destroying an even higher number. 

The clearest picture of the effect of blood on phage is obtained with 
the 10° dilution because it brings out the difference between the in- 
hibiting power of different bloods. This test might be used to indicate 
which bloods will permit and which will prevent the multiplication of 
phage, and in what cases very large doses of phage are indicated thera- 
peutieally. 

In eontrast to this, when undiluted phage is used the number of 
phage corpuscles which survive are able to propagate in every specimen 
of blood. This suggests that provided a sufficiently large amount of 
potent bacteriophage is injected intravenously, there will be a certain 
number of corpuscles which will escape any deleterious effect of blood 
and will begin to multiply. The same should hold true in eases of local 
lesions caused by staphylococci. 

In the presence of blood or serum the optimum ratio for lysis of 
phage corpuscles to bacterial cells may change because the blood or 
serum may either favor or retard the growth of the bacteria or favor 
or retard the lytic action of the phage. 

The deterioration of bacteriophage in vitro is a phenomenon of con- 
siderable practical importance. Not until some way is found invariably 
to develop potent phages and to maintain the potency over a long period 
of time can we expect effective phages to be prepared commercially 
and used extensively. Researches in this direction are being carried 
on and will be reported in subsequent papers. 
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It must be constantly borne in mind that the action of bacteriophage 
in vitro differs from that in vivo. In the latter the blood is constantly 
renewed and the pH maintained and the blood stream has an exceed- 
ingly strong bactericidal action both in the blood elements and the 
phagocytic power of the capillary endothelium. Blood cultures suggest 
that the number of viable organisms is usually less than 200 per cubic 
centimeter. In vitro the blood is not renewed; the cells die off, the 
phagoeytie power is gradually lost, and there is less inhibition of the 
growth of the organisms. 

If doses of bacteriophage are given in amounts ranging from 50 to 
100 ¢.c. a day, the dilution in the body becomes approximately 1 to 100. 
With viable bacteria in the blood stream ranging from 20 to 500 organ- 
isms per cubic centimeter our experiments suggest that the propagation 
of phage and the lysis of bacteria in vivo are well within the range of 
possibility. Our experiments also suggest that bacteriophage should 
be given in as large quantities as possible in order to favor this fune- 
tion. Furthermore, it should be given daily in divided doses until a 
favorable result is obtained as indicated by the disappearance of a posi- 
tive blood culture. Further studies will have to be made in order to 
find out why certain bloods inhibit bacteriophage, and an effort made 
to prevent this inhibition. In all studies of bacteriophage, emphasis 
should be placed upon the potency of the phage. It should be clearly 
stated whether the criterion of potency is the clearing of the culture 
in fluid medium or the complete inhibition of bacterial growth as indi- 
cated by the absence of colonies when the cleared culture is transferred 
to the blood agar plate (double potency test )."° 


SUMMARY 


1. All specimens of human blood brought into contact with undiluted 
staphylococcus phage containing an average of 5 x 10** corpuscles per 
cubie centimeter in the absence of bacteria produced a gradual inactiva- 
tion of the phage, which was most marked within the first 24 hours and 
after 7 to 14 days all of the phage was usually destroyed. 

2. Human serum produced a similar phage-inactivating effect, the 
degree of inactivation depending on the concentration of serum; un- 
diluted and 66 per cent serum possessed a higher phage-inhibiting effect 
than whole defibrinated or heparinized blood, and 50 per cent serum had 
a slightly lower effect. 

3. There was no significant difference in the phage-inhibiting effect 
between the blood or serum of individuals suffering from chronic furun- 
culosis and the blood or serum of normal people. 

4. When staphylococcus phage suspensions containing 5 x 10° cor- 
puseles per cubie centimeter were incubated in whole blood in the pres- 
ence of susceptible bacteria, bacteriophage was never completely inac- 
tivated by any of the bloods tested, and multiplication of phage occurred 
within 24 hours in most of the bloods. 
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5. Phages propagated in the blood at the expense of 100 bacteria per 
cubie centimeter reached a higher titer than did phages propagated in 
the blood at the expense of 200 million bacteria. This was contrary to 
the behavior of phage when propagated in savita. 

6. When 10°‘ dilutions of phage containing an average of 5 x 10* 
corpuscles per cubie centimeter were incubated in blood in the presence 
of susceptible bacteria, a complete inactivation of phage within 3 to 48 
hours took place in most of the tested bloods. 

7. Thus, the survival and lytie power of phage in blood probably 
depends to a considerable degree on the concentration of phage cor- 
puseles. If this number exceeds the amount which the blood can destroy, 
multiplication of phage in the blood may subsequently take place. 

8. The use of staphylococcus phage in dilution 10° containing an 
average of 5 x 10° corpuscles in blood in the presence of susceptible 
bacteria makes it possible to distinguish between those bloods which will 
and those which will not allow the multiplication of phage corpuscles. 

9. On the basis of these experiments we believe that multiplication 
of phage takes place in blood and other body fluids in vivo provided 
that a sufficiently large amount of potent phage is used. 


We wish to express our appreciation for the technical assistance of Miss Catherine 
Capraro and Miss Olga Mordvin. 
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INFARCTION OF THE GALL BLADDER 


FREDERICK CHRISTOPHER,* M.D., E. BeENsAMIN,t M.D., AND 
F. K. Gowpy, M.D., WINNETKA, ILL. 


ANGRENE of the gall bladder without infection and due to in- 
farction is uncommon. In 1929 Vest' reviewed eighty cases of 
gangrene of the gall bladder, not including the sixty cases reviewed 
by Baumgartner’ of the Mayo Clinic. Vest listed the following causes 
of gangrene of the gall bladder: (1) infection; (2) edema of struc- 
tures adjacent to the cystic vessels; (3) stones plus infection and pres- 
sure; (4) mechanical factors, including (a) torsion, (b) angulation of 
the cystic duct by distention, (¢c) glands or tumors, (d) embolism or 
thrombosis of the cystic ducts (no proved ease) and (e) distention 
spasm. Mark* reported four cases of gall bladder infarction. In two 
of these there was arterial change, and in two there was venous throm- 
bosis. Mark described five varieties of vascular disturbances and said 
he believed that arteriosclerosis is an etiologic factor. 
As Judd and Waldron‘ have pointed out, there is no accurate guide 
to the diagnosis of gangrene of the gall bladder. There may be marked 
tenderness and rigidity in the right upper quadrant, but the symptoms 


may be mild. 
CASE REPORT 


A widow, 59 years of age, was admitted to the Evanston Hospital on March 26, 
1942. For thirty-two hours she had suffered from continuous pain in the right 
upper quadrant. Several hours after the onset of the pain she began to have 
nausea and vomiting. 

The past history was not significant except for the preceding six weeks, during 
which time she was under treatment by an osteopath for ‘‘sciatica’’ and multiple 
joint pains. Large doses of empirin compound were taken during that period. 
Before entrance to the hospital the patient was seen twice at her home, the first 
time being twelve hours after the onset of generalized abdominal discomfort with 
slowly increasing nausea. The temperature was 98.4° F., the pulse rate was 86, 
and the blood pressure was 176 systolic and 108 diastolic. Examination showed 
moderate generalized abdominal tenderness and a nodular tender mass the size 
of an orange in the lateral portion of the right upper quadrant just below the 
costal margin. Noted also was a patchy vesiculopapular eruption on the palms 
and a papular purpuric eruption on the inner aspects of the soles, these lesions 
having started four or five weeks before. Six hours later all the symptoms were 
increased, vomiting of bile had occurred twice, the temperature was 99° F., and 
the mass was slightly larger, smoother, and more tender. The clinical diagnosis 
was inflammatory tumor of the right upper quadrant of uncertain origin, hyper- 
tension, possibly transient, and dermatitis medicamentosa from empirin compound. 


Hospitalization was advised for surgical treatment. 
e 


*Associate Professor of Surgery, Northwestern University Medical School; Chief 
Surgeon, Evanston (Ill.) Hospital. 

t+Assistant Professor of Pathology, Northwestern University Medical School; 
Pathologist, Evanston (Ill.) Hospital. 

Received for publication, June 4, 1942. 
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Physical examination at the time of the patient’s admission to the hospital 
showed that she was well developed and well nourished. She was suffering rather 
severe pain. The temperature was normal, the pulse rate was 84, and the blood 
pressure was 174 systolic and 108 diastolic. The heart was of normal size, but a 
blowing systolic murmur was heard over the entire precordium. There was gen- 
eralized tenderness over the abdomen, with the maximum tenderness in the right 
upper quadrant, just below the costal margin. The white blood cell count was 
27,700, with 73 per cent polymorphonuclears, 5 per cent staff forms, 8 per cent 
lymphocytes, and 14 per cent monocytes. The blood cholesterol value was 147 mg. 
per hundred cubic centimeters, and the icteric index was 6.9. Twelve hours after 
admission the white blood cell count was 29,000. 


Fig. 1.—Gross specimen of infarction of the gall bladder. 


A clinical diagnosis of acute cholecystitis was made, and on March 27 cholecys- 
tectomy was done. The abdomen was opened by a right rectus incision, and an 
enormously distended gall bladder was immediately presented. For the most part 
it was a blackish brown, and at one point a small tag of omental tissue was lightly 
adherent. The gall bladder was quickly removed from the fundus downward, the 
cystic duct and the cystic vessels being ligated separately. The wound was closed 
in layers around a cigarette drain. 

The postoperative course was satisfactory, except for a persistently rapid pulse 
rate, until March 30, the third postoperative day, when the patient began suddenly 
to complain of palpitation and clammy perspiration. Examination revealed a 
grossly irregular cardiac rhythm, with the apical rate 120 to 160 and the radial 
rate 90 to 100, a pulse deficit of 20 to 60. An electrocardiogram made at this time 
was characteristic of auricular fibrillation with a rate of 250. Treatment with 
digitalis was started immediately but was discontinued after several hours be- 
cause of the advent of ventricular extrasystoles. Quinidine was given, and the 
pulse became regular, but this medication also had to be stopped, in this case be- 
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cause of nausea. However, fibrillation did not recur. An electrocardiogram made 
on April 2 revealed sinus mechanism interrupted occasionally by ectopic nodal and 
ventricular beats. The convalescence was uneventful from that time on, and the 
patient was discharged from the hospital on April 12, the sixteenth postoperative 
day. The subsequent course has been satisfactory. 

The report on the pathologic specimen was as follows: 

Gross Description.—The gall-bladder was huge, weighing 580 Gm. and measur- 
ing 16 em. in length. Twenty-one millimeters of cystic duct were attached. The 
external circumferences were as follows: corpus, 26 em.; fundus, 25.5 em.; and 
neck, 12 em. The hepatic surface measured 12 by 8 em. Most of the free serosal 
surface was smooth and light to dark red, but the corpus and neck were covered 
with an oblique strand of fatty adhesions attached for a distance of 11 em. and 
measuring 3 em. in length. The lumen contained 200 ml. of dark green bile, 300 
(by actual count) faceted cholesterol stones up to 12 mm. in diameter, and myriads 
of smaller concretions 1 to 2 mm, in diameter. The dark red wall varied in width 
from 3 to 10 mm. The serosa and mucosa separated spontaneously when the 
gall bladder was opened. The dark green mucosa was smooth except for several 
submucosal linear strands. No infection or ulceration was noted. 

Microscopic Description.—The various sections showed practically no viable struc- 
tures. The wall was converted into a swollen, pale pink, ghostlike structure with 
linear zones of polymorphonuclear leucocytes beneath the serosa. There was ex- 
tensive erythrocytic extravasation throughout. There was no involvement of the 
cystic artery. The cause of the infarction could not be determined from exami- 
nation of the specimen. 

Diagnosis—Hemorrhagic infarction of the gall bladder; cholecystolithiasis. 
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FAILURE TO RECOVER SULFONAMIDES FROM GALL 
BLADDER BILE IN DOGS WITH CYSTIC 
DUCT OBSTRUCTION 


Davin Lynn, M.D., Derrortr, Micu., Grorce S. BerGu, M.D.,* Anp 
WESLEY W. Spink, M.D., MINNEAPOLIS, MINN. 


(From the Departments of Surgery and Internal Medicine, University of 
Minnesota Hospitals) 


T HAS been demonstrated that sulfonamides are exereted in the bile 

in man and in ¢ertain laboratory animals,’ * and there is clinical 
evidence that these drugs exert a beneficial effect in some biliary tract 
infections.’ *°*»* On the other hand, in many cases of biliary tract 
disease there is no benefit from the drugs, and, as Watson and Spink?” ! 
have shown, hepatic injury actually may be produced, particularly after 
the administration of sulfanilamide. In our clinic, observation of sev- 
eral patients with acute obstructive cholecystitis has indicated that the 
administration of sulfonamides in such eases does not alter the course 
of the disease. Therefore, it is desirable to learn whether obstruction 
of the eystiec duct prevents these drugs from entering the gall bladder, 
or whether they can reach the gall bladder bile through the vesieal wall. 
This study was undertaken to secure information regarding that ques- 
tion. 

METHOD OF EXPERIMENTATION 


The experiments were carried out upon twelve healthy adult dogs. 
Under ether anesthesia and with aseptic surgical technique the cystic 
duet was isolated and ligated without injury to the blood supply of the 
gall bladder. The following day, when the animal had recovered from 
the operation, one of the sulfonamide drugs was administered by mouth 
(sulfanilamide, sulfathiazole, and sulfadiazine were used). In some 
cases the drug was administered in a single dose, in other instances in 
divided doses (see Tables I and IT). The animal was sacrificed later, 


TABLE I 


SULFONAMIDE GROSS APPEAR- MICROSCOPIC 
DOG WEIGHT 


. (xa.) DRUG DOSE* IN GALL ANCE OF APPEARANCE OF 
mm (ee BLADDER BILE GALL BLADDER GALL BLADDER 
111 «| Sulfanilamide 1 dose None Normal Normal 
8 Gm. 
115 13 Sulfathiazole 1 dose None Normal Normal 
8 Gm. 
ity 16 Sulfadiazine 1 dose None Normal Normal 
8 Gm. 


*Sacrificed seven hours after drug was administered. 


*Captain in U. S. Army with U. S. General Hospital No. 26. 
Received for publication Tuly 29, 1942. 
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and the level of the sulfonamide in the gall bladder bile and in the 
venous blood was determined. Doubilet’s method of analysis, as de- 
scribed by Carryer and Ivy,’ was used for the bile, and the procedure 
of Marshall and Litchfield’ was used for the blood. The gall bladder 
wall was examined grossly and microscopically to dismiss the possi- 
bility of disturbance of the blood supply. 


RESULTS 


In each case, examination of the dog at the time of completion of the 
experiment showed that the ligature obstructed the cystic duct without 
interfering with the blood supply of the gall bladder. Gross and micro- 
scopic examination of the gall bladder wall confirmed the fact that its 
blood supply had not been disturbed. Sulfonamide was not found in any 
of the specimens of gall bladder bile (see Table IT), in spite of high 
blood levels. In these experiments, obstruction of the cystic duct pre- 
vented sulfanilamide, sulfathiazole, and sulfadiazine from entering the 
gall bladder. 


SUMMARY 


It is well known that the sulfonamides are excreted in the bile in man 
and in animals. Furthermore, Bettman and Spier? have demonstrated 
that these drugs are concentrated in a gall bladder which functions nor- 
mally. Our experiments show that sulfanilamide, sulfathiazole, and 
sulfadiazine do not enter the gall bladder of the dog when the eystie 
duct is occluded. They do not pass through the wall of the vesicle to 
reach the gall bladder bile. 
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SERUM SICKNESS SIMULATING ACUTE 
ABDOMINAL DISORDERS 


VINCENT J. Derspes, M.D., AND Francis E. Bruno, M.D., 
New ORLEANS, La. 


(From the Department of Medicine, School of Medicine, Tulane University and 
Charity Hospital of Lowisiana) 


EVERE abdominal pain, as Duke’ has aptly pointed out, is a symp- 
tom which is never taken lightly by a careful physician. It often 
indicates a severe illness; in fact, it often indicates an emergency. How- 
ever, abdominal pain which may simulate in some respects the pain 
caused by severe abdominal disease is occasionally the result of hyper- 
sensitiveness to a foreign serum. Abdominal pain sometimes occurs 
without other manifestations of serum sickness, or rather, it may be the 
sole striking symptom of serum allergy. In such a ease, the real cause 
of the pain may not be apparent and an error in diagnosis can easily be 
made. Although cases have been reported in which an allergic state 
has simulated the acute abdomen, these have been due to ingestants, and 
we have been able to find none in which the responsible agent was 
parenterally administered prophylactic or therapeutic sera. In view 
of the increasing use of such sera in civil as well as military life it is 
felt that the recognition of the abdominal features of serum sickness will 
become of progressively greater importance. 
Our illustrative cases have been selected from a larger number and 
represent typical histories of patients who have abdominal pain as the 
outstanding symptom of serum hypersensitivity. 


CASE REPORTS 


Case 1.—C. H., a 17-year-old colored male, was admitted to the observation ward 
stating that he had been seized with a severe abdominal pain two hours previously. 
There was no nausea, vomiting, or loose stools. There had been no previous history 
of indigestion. Physical examination revealed generalized rigidity of the abdomen. 
The temperature was 100° F. There were 9,500 white blood cells, 91 per cent 
neutrophiles, and 9 per cent small monocytes. The urine was negative. The possi- 
bility of a perforated viscus was entertained and the patient was x-rayed to rule 
this out. The pain was so excruciating that although 4% gr. morphia had been 
administered to relieve apprehension, severe discomfort necessitated the administra- 
tion of a second dose of the drug. The patient was prepared for operation. An ice- 
cap was applied to the abdomen and the patient wes kept in the observation room 
overnight. At seven o’clock in the morning it was noticed that the patient had a 
generalized urticaria associated with marked itching. It was then learned that he 
had received antitetanic serum for a dog bite three days previously. The urticaria 
and pruritus responded to the administration of epinephrine and the application of 
calamine lotion. 


Received for publication, July 2, 1942. 
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CASE 2.—A. D., a 14-year-old colored male, was admitted to the surgical service 
with a chief complaint of abdominal pain. Three days prior to admission the boy 
began to experience crampy pain in the umbilical region. This was associated with 
nausea but not vomiting. On the day of onset of the abdominal pain the patient 
had several loose bowel movements, 

Physical examination was essentially negative except for the abdominal findings. 
The abdomen was symmetrical; there was tenderness in the right lower quadrant. 
There was no rigidity. 

There were 10,300 white blood cells, 72 per cent polymorphonuclears, 12 per cent 
lymphocytes, 6 per cent monocytes, and 10 per cent eosinophiles. Despite the 
absence of rigidity the patient was placed on surgical liquids and prepared for 
exploratory laparotomy. In the interim typical urticarial wheals appeared. These 
wheals and the abdominal symptoms responded promptly to the administration of 
ephedrine. 

Questioning then revealed that the patient had received antitoxin for a laceration 
of his hand the previous day. It may be assumed, therefore, that the patient suffered 
from an accelerated serum reaction, 


DISCUSSION 


To gain an understanding of present concepts of serum sickness, it is 
necessary to look back to the work of Richet? and his collaborators that 
was done at the turn of the present century. Richet, while sojourning 
on the yacht of the Prince of Monaco in the Indian Ocean, undertook 
the study of the urticating principle of the Portuguese man of war, a 
variety of sea nettle or stinging jellyfish. He considered the urticating 
principle a toxin and injected into dogs extracts made from these nettles. 
To his surprise he found that although the first injection was harmless, 
the second injection made some days later provoked severe, and at times, 
fatal reactions. He considered that the first injection removed the 
animal’s natural immunity to this toxin, hence a state of anaphylaxis 
existed. This was not the correct explanation; it would have remained 
an academic question, however, had not the introduction of diphtheria 
antitoxie sera by von Behring* produced in humans a state strikingly 
parallel to the anaphylactic animal. 

A completely satisfactory explanation of serum sickness eludes us 
even today. Certain facts, however, are known; thus, during and follow- 
ing serum disease induced by the injection of immune animal serum, 
circulating antibodies may be found in the blood. These antibodies are 
not constant but vary quantitatively and qualitatively in different cases. 
They include precipitans (anaphylactic antibodies), heterophile anti- 
bodies, and atopic reagins. Precipitins are frequently found in the blood 
of human beings following the administration of immune animal serum, 
but such precipitins may occur without the development of serum disease. 
Furthermore, they are regularly absent in the blood of patients treated 
with normal horse serum even in the presence of typical serum sickness 
(Harten and Walzer*). Atopic reagins (Prausnitz-Kiistner or skin- 
sensitizing antibodies) occur frequently but by no means regularly fol- 
lowing the administration of therapeutic serum. Heterophile antibodies 
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(hemolysins and agglutinins for sheep red blood cells) occur in the blood 
after serum has been given. An analysis of all the available data still 
fails to reveal a constant association of any type of antibodies with 
serum sickness. One is compelled to conclude with Harten and Walzer 
that the mechanism of serum sickness cannot be correlated with any of 
the antibodies which have thus far been detected in this condition. In- 
deed Coca’s’ theory that the symptoms of serum disease are due to 
specific altered reactivity of the protoplasm of some of the body cells 
which is not mediated by antibodies has not yet been controverted. 
Perhaps the major phenomena of serum sickness are due, as Foshay 
and Hagebusch® suggest, to a release of histamine or a histamine-like 
substance into the circulation consequent on the union of serum protein 
antigen and antibodies. Certainly the brilliant experimental work of 
Katz’? demonstrates clearly that histamine is intimately concerned with 
the production of the allergic state; many gaps in our knowledge of the 
exact role of histamine (or similar substances) remain to be filled in. 
Regardless of the precise nature of the underlying mechanism, the 
pathology of the allergic or anaphylactic state seems to be fairly well 
agreed upon. Contraction of smooth muscle, capillary dilatation with 
edema, and diapedesis of red cells (which may progress to hemorrhage ) 
and eosinophilic infiltration in one or another combination produce the 
signs and symptoms which are recognized clinically and experimentally. 
It is not clear why certain tissues or organs should be affected in serum 
disease to the exclusion of others; it is known, however, that they may 
be locally sensitized or more highly reactive than others. That this local 
sensitivity was on a cellular rather than a humoral basis has been demon- 
strated by experimental work. Friedmann* and Otto® as well as Doerr’ 
showed that in the process of passive sensitization, in which the blood of 
a sensitized guinea pig is transferred into a normal nonsensitive guinea 
pig, the latter does not become sensitized until after an interval of at 
least four hours. Indeed, twenty-four to forty-eight hours must elapse 
before maximum passive sensitization has been accomplished. This 
interval is required presumably for the antibodies to be firmly attached 
to the tissue cells (Vaughan"). Schultz’? found that if, after the first 
injection of foreign serum, a long enough interval elapsed, intestinal 
muscle would show a supranormal degree of irritability toward the 
same serum. After washing strips of sensitized intestinal smooth muscle 
free from blood he found that contact with the specific antigen caused 
an anaphylactic response with muscular contraction. Dale** improved 
on the Schultz technique, developing the uterine strip method which 
has since become a routine procedure in the study of sensitization. 
That other abdominal viscera may partake of the general sensitization 
has been demonstrated in the instance of the gall bladder by Deissler 
and Higgins.’* Strips and isolated whole gall bladders from guinea pigs 
previously sensitized to horse serum and egg white were found to react 
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strongly to the addition of the antigen. The gall bladder contracted 
during shock but the sphincter contracted to a greater extent, thus no 
emptying occurred. Hence we have a type of biliary colic on a dyskinetie 
mechanism. Couvelaire and Bargeton'’ sensitized dogs to horse serum 
by intravenous administration; on re-exposure to the antigen by injec- 
tion of serum into the duodenopancreatiec vein and directly into the 
pancreas itself, although no general shock resulted, an immediate local 
persistent edema of the pancreas became apparent. When the animal 
was sacrificed the next day the peritoneal cavity was found to contain 
serosanguineous fluid and on the omentum were several whitish areas 
having the appearance of fatty necrosis. The pancreas was edematous 
and contained multiple hemorrhages. One cannot but be struck by the 
similarity of these lesions to those found in acute hemorrhagic pan- 
creatitis. It is well known that in about one-half the cases a stone in 
the ampulla of Vater leads to a diversion of bile into the pancreatic 
ducts. According to Bloomfield'® no anatomic reason for entry of ab- 
normal material into the pancreatic ducts can be demonstrated in many 
instances. We suggest that these cases of acute hemorrhagic pancreatitis 
may represent a fulminating type of allergic reaction. 

Granted that these lesions may be demonstrated in the experimental 
animal, the question may fairly be asked whether similar conditions 
have been observed in the human being. Speaking of the gastrointestinal 
tract in angioneurotic edema, Osler" stated that ten of his patients had 
colic; he considered that the nature of the local trouble was known, as 
exploratory operations confirmed his view that it was an edema of the 
wall of the bowel. In a ease reported by Morris,'* in washing out the 
stomach to relieve the severe vomiting, a portion of the mucosa was re- 
moved and on examination was found to be in a state of acute edema. 
Osler deseribed the colic of intestinal angioneurotic edema with great 
clarity. In his experienee it came on suddenly and often reached an 
extreme grade. <As a rule it occurred with the skin manifestations, but 
at times it was the only feature, and often there was no clue as to the 
nature of the trouble. In the majority of cases the pain was central, 
more or less continuous with paroxysms of greater intensity. The patient 
tended to roll about in bed or be doubled up in an agony of pain. The 
abdominal walls were tense; appendicitis, gallstone, or renal colic were 
suspected and in a considerable number of his cases laparotomy was per- 
formed. In severe attacks vomiting occurred with the pain and lasted 
many hours. The patient looked very ill, with pallor, small pulse, and 
features of collapse; at the end of ten or twelve hours the symptoms 
often disappeared, an outbreak of local edema giving a hint concerning 
the diagnosis. He noted that with gastric symptoms and colic there 
sometimes occurred diarrhea, meteorism, and even the passage of blood. 

A ease reported by Bogart’® is of especial interest. The patient 
presented the picture of a very severe illness requiring operative relief. 
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The abdomen having been opened, the jejunum was found to be quite 
swollen and edematous. This swelling and edema extended up to the 
point where the intestine passed beneath the mesentery and was so pro- 
nounced as to produce a stiffening of the intestine sufficient to prevent 
peristalsis; when grasped between the forefinger and thumb the intestine 
was apparently at least one inch in thickness. Evidently the lumen 
was almost if not entirely occluded. The patient gradually convalesced 
after the operation, recovering after seventeen days. 

Alexander and Eyermann?’ have expressed the opinion that there 
seems to be a close relation between Henoch’s purpura and acute intes- 
tinal allergy due to the ingestion of foods; in both, spasm of portions 
of the intestinal musculature is demonstrable with the x-ray, and peri- 
toneal urticaria and hemorrhage with edema of the bowel wall are, 
demonstrable on laparotomy. In describing the symptoms of Henoch’s 
purpura, Piness and Miller®’ state that not infrequently it closely 
simulates the acute abdomen. 

The treatment of the acute abdominal crisis due to serum sickness is 
the treatment of the latter condition generally, namely the exhibition of 
the sympathomimetic drugs. It is necessary, of course, that a diagnosis 
be made; where skin or joint manifestations are concomitant, the situa- 
tion is obvious at a glance, where this is not the case the presence of 
recent wounds treated prophylactically with antitetanic serum, or a 
history of recent illness treated with therapeutie sera should give one 
the clue to the true state of affairs. 


SUMMARY 


Case reports of serum disease simulating the acute abdomen are pre- 
sented. Possible etiologic mechanisms drawn from a brief survey of ex- 
perimental and clinical publications are given. 

In view of increasing prophylactic and therapeutic use of sera it is 
felt that recognition of the abdominal features of serum sickness will 
be of progressively increasing importance. 
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. Editorial 


Dicoumarin and Prophylactic Anticoagulants in 
Intravascular Thrombosis 


HAT eattle are sometimes affected by a hemorrhagic disease which 
seems to develop for no apparent reason and is occasionally 
fatal has long been common knowledge among veterinarians and cattle 
raisers. However, it was not until relatively recently that the explana- 
tion for this phenomenon was given by two veterinarian investigators, 
Schofield, in Canada, and Roderick, at the North Dakota Agricultural 
Experimental Station. Their studies showed conclusively that the dis- 
ease was due to the eating of improperly cured hay or spoiled sweet 
clover silage and the condition became known as sweetclover disease of 
cattle. In 1934, Professor Karl Paul Link and his associates, of the 
Wisconsin Agricultural Experimental Station at the University of Wis- 
consin, became interested in this phenomenon and began experimenting 
to determine the causal factor of hemorrhage in the spoiled fodder. 
Seven years later, these carefully conducted and brilliantly conceived 
series of investigations were culminated with the isolation and synthesis 
of the hemorrhagie agent in spoiled sweet clover, dicoumarin, 3,3’- 
methylene-bis-(4-hydroxycoumarin), a white erystalline substance 
readily soluble in alkaline solutions but only slightly soluble in water. 
Intensive studies have since been undertaken to determine the 
pharmacologic and therapeutie action of dicoumarin. Accordingly, it 
has been found that the principal effects of dicoumarin are prolongation 
in prothrombin time and delay in coagulation of blood. Following its 
administration, either orally or intravenously, a variable lag period of 
from twenty-four to seventy-two hours exists before this action becomes 
manifest. Although there is some evidence to support the belief that 
dicoumarin produces physiologic inhibition of prothrombin formation 
in the liver, or destruction or suppression of prothrombin activity, its 
exact mechanism of action has not been definitely established. Ap- 
parently, orally or intravenously administered vitamin K produces 
little or or no effect on the hypoprothrombinemia or on the hemorrhagic 
manifestations which follow the use of dicoumarin. Indeed, it would 
seem that this can be influenced only by means of transfusions of fresh 
whole blood or plasma. Other studies have shown that dicoumarin has 
a tendeney to impair clot retraction and increase the sedimentation rate 
of erythrocytes, but it seems to produce no significant changes in erythro- 
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cyte or leucocyte counts, in the fragility of erythrocytes and blood 
platelets, in the hepatic and kidney functions, and in the values for non- 
protein nitrogen, blood sugar, bilirubin, and calcium in the blood. Pro- 
longed excessive doses of dicoumarin almost invariably result in fatal 
hemorrhage, but no significant pathologic changes except those due to 
bleeding into the tissues have been found on necropsy studies. 

The anticoagulant property of dicoumarin forms the basis of its 
therapeutic significance. Accordingly, its obvious theoretic value clin- 
ically would be in the prophylaxis of intravascular thrombosis. Heparin, 
which has the disadvantages of being costly, requiring continuous or re- 
peated intravenous injections, and of maintaining a constant anti- 
coagulant effect with difficulty, has been the most recently developed and 
widely heralded agent for this purpose. If dicoumarin could be shown 
to be as good as, or superior to, heparin in this respect, it would have a 
decidedly practical advantage. Workers interested in blood and 
peripheral vascular diseases, therefore, eagerly seized upon this new anti- 
coagulant agent and began studies to evaluate its clinical efficacy in the 
prophylaxis and treatment of postoperative thrombosis and _ phlebitis, 
pulmonary embolism and infarction, coronary thrombosis, and peripherak 
vascular disease. The results of these preliminary studies have appeared 
in recent issues of current journals. Allen and his co-workers, at the 
Mayo Clinic, administered dicoumarin in 374 cases ‘‘in an effort to 
prevent arterial or venous thrombosis and pulmonary embolism or to 
prevent extension of intravascular thrombosis.’’ Three of these patients 
developed clinical thrombosis in spite of the fact that the prothrombin 
time was elevated. Accordingly, the authors concluded that these ob- 
servations and their experimental studies ‘‘strongly suggest the value 
of administering dicoumarin in preventing intravascular thrombosis.’’ 
Somewhat similar studies and conclusions were also reported by other 
observers. 

Several considerations may be introduced to support the cautious posi- 
tion of provisional reluctaney in accepting these conclusions. Notwith- 
standing certain implications, the statistical significance of the reported 
results upon which many of the conclusions are based is open to question 
because the series of investigations is not adequate nor are the results 
sufficiently impressive to justify definite statements. This is clearly 
demonstrated by a comparison with other incidences of postoperative 
thrombosis in eases not receiving anticoagulant prophylactic measures. 
Thus, in a series of 4,410 consecutive operations performed at the Charity 
Hospital, in New Orleans, exclusive of procedures on the eye, ear, nose, 
and throat, there were only 3 (or 0.06 per cent) cases of postoperative 
thrombophlebitis. Even more significant is the fact that better results 
have been reported following the use of much simpler, safer, and more 
economical prophylactic measures than the administration of dicoumarin 
or other anticoagulant agents. Thus, Zava, using early ambulation 
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postoperatively, reported over 6,000 surgical cases, many of which were 
gynecologic, without a single occurrence of embolism. In addition to 
these considerations is the fact that dicoumarin, like other anticoagulants, 
possesses certain hazardous features. Of these, the most important is 
hemorrhage, which in surgical cases obviously assumes even greater 
significance. Hemorrhage occurred in 31 cases in the series reported by 
the Mayo investigators, 24 of which occurred from the operative site; 
1 was fatal. There were 2 other fatal cases apparently as a result of 
hemorrhage in patients with subacute bacterial endocarditis. The 
authors believe that dicoumarin is contraindicated in such eases, be- 
cause in these patients there is apparently an inereased tend- 
ency to bleed. Attention is also directed to certain other conditions in 
which the drug should be employed cautiously or not at all. These 
include renal insufficiency or those with an already prolonged pro- 
thrombin time, such as obstructive jaundice or other vitamin K deficient 
diseases. The fact that there exist wide and as yet unexplained varia- 
tions in the prothrombin and hemorrhagic response to dicoumarin in 
different individuals, emphasizes further the practical significance of 
these jeopardous features. 

It becomes apparent from these considerations, therefore, that, for the 
present, dicoumarin cannot be regarded as a safe, efficacious, and satis- 
factory prophylactic or therapeutic agent in intravascular thrombosis. 
In recent years, there has been a revival of interest in the use of anti- 
coagulants for this purpose. Until the arrival of dicoumarin, heparin 
had received the most assiduous attention and intensive efforts of in- 
vestigators in this field. The fact that workers are already seeking a 
substitute demonstrates clearly that heparin did not prove completely 
satisfactory. In the prophylaxis and treatment of intravascular 
thrombosis, certain difficulties and objectionable features must be over- 
come before any anticoagulant can be considered entirely satisfactory 
and its use become widely adopted. The prophylactic value of any 
anticoagulant agent is manifestly difficult to establish in such notorious 
unpredictable conditions as intravascular thrombosis. Further emphasis 
is placed upon the undesirability of this particular characteristic by the 
fact that the anticoagulant agent must be employed in all eases, which 
is obviously impractical. This is especially true in view of the danger 
of hemorrhage which may follow the use of an anticoagulant agent and 
which assumes obvious significance in surgical cases. Therapeutically 
the use of an anticoagulant in intravascular thrombosis has at least the 
theoretical objection of increasing the tendency of embolism. That this 
is not entirely theoretic, however, is shown by our experience with a 
patient, who, while heparinized over a period of four weeks, had five 
nonfatal emboli. Obviously in such eases the more certain means of 
preventing propagation of the thrombus or embolization is by proximal 
vein ligation. In view of the present lack of trenchant knowledge con- 
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cerning the etiologic factors in intravascular thrombosis the rationale 
of anticoagulants as combative measures may be justifiably questioned. 
These protesting considerations to the prophylactic and therapeutic use 
of all anticoagulants in intravascular thromboses are not intended as 
critical disapprobation but rather as criticism in its strict etymologic 
sense, that is, evaluation. A restatement of facts is frequently necessary 
to dispel the fog of enthusiasm and thus permit a clear discernment of 
objectives. 
—Michael DeBakey, M.D. 


New Orleans, La. 
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CONDUCTED BY ALFRED BLALOCK, M.D. 


AMEBIC HEPATITIS AND HEPATIC ABSCESS 
An ANALYSIS OF 181 Cases With REVIEW OF THE LITERATURE 


ALTON OcHSNER, M.D., AND DEBaAkey, M.D. 
New ORLEANS, La. 
(From the Department of Surgery, School of Medicine, Tulane University, and the 
Ochsner Clinic) 


N PREVIOUS publications we?** *** presented an analysis of 73 pa- 

tients with amebie hepatitis and hepatic abscess, admitted to the 
Charity Hospital and the Touro Infirmary during the six-year period, 
1928 to 1933 inclusive, and 66 patients admitted to these institutions 
during the four-year period, 1934 to 1937 inclusive. Since then, i.e., 
during the four-year period 1938 to 1941 inclusive, there have been 42 
cases of amebic hepatitis and hepatic abscess.?*° During this fourteen- 
year period there have been 287 patients with liver abscess admitted 
to the Charity Hospital and Touro Infirmary in New Orleans and of 
this number 181 (63 per cent) were amebic and 106 (37 per cent) were 
nonamebie (Graph I). Whereas the present report is based upon a 
study of the total number, 181 patients admitted during the fourteen- 
year period, 1928 to 1941 inelusive, significant comparisons of the three 
groups will be considered wherever desirable. In addition to this an 
attempt has been made to review the literature and present a compre- 
hensive survey of the subject. While the literature was reviewed up to 
1937 in a previous publication, in the present report this is brought up 
to date and for purpose of convenience and because of the relative in- 
accessibility of the previous publication much of this material is in- 
cluded. 

History.—A historical consideration of amebic hepatic abscess must 
necessarily include that of amebic dysentery. Whereas knowledge con- 
cerning suppurative disease of the liver has existed since the time of 
Hippocrates and perhaps earlier, the realization of amebie hepatic 
abscess as a separate clinical entity is of relatively recent origin. In a 
comprehensive exposition of the subject, Bertrand and Fontan? pre- 
sented an excellent historiographie résumé of the former. The causal 
relationship between amebic dysentery and amebie abscess was con- 
sidered as early as 1818, by Ballengal’® and later by Annesley,® Budd," 
Dutroulau,*’® and others even before the ameba was described, but its 
true character was not established until after the causal agent of amebie 
dysentery was recognized. 


460 


| 
+2 
~ 
3 
on 


RECENT ADVANCES IN SURGERY 461 


During this early period it appears that the relationship between 
dysentery and hepatic abscess was recognized especially by the observers 
in India, whereas most European investigators did not consider it sig- 
nificant. In his consideration of liver abscess occurring in India, 
Annesley, in 1828, directed attention to the frequent association of these 
two conditions and accurately described the ulcerative lesion in the large 
bowel. Although he realized the difficulty of establishing an etiologic 
relationship, he expressed his conviction that ‘‘abscess of the liver is 
in some eases consequent on dysentery, and caused by it,’’ a conclusion 
reached by Budd in his investigations of the subject twenty-five years 
later. This subject, however, remained controversial for many years 
later and even after the isolation of the ameba. Frerichs,'*® the eminent 
German pathologist and internist, severely criticized the views held by 
Annesley and Budd and stated, in 1879, that, ‘‘It has been far too gen- 
erally assumed that the dysentery precedes the hepatic inflammation; 
almost all physicians who have acquired their experience in warm 
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Graph I.—Relative incidence of amebic and nonamebiec hepatic abscesses in 287 


patients admitted to Charity Hospital and Touro Infirmary during the 14-year period, 
1928 to 1941, inclusive. c 


climates have arrived at the conviction that the dysentery is often pre- 
ceded by the hepatitis, or that the two may be developed simultaneously, 
and that hepatitis frequently occurs without any disease of the in- 
testine.’’ He states further that ‘‘a careful analysis of cases of this 
nature is entirely opposed to the idea of their connection with intestinal 
ulceration. Moreover, as regards the cases where the dysenteric ulcera- 
tion of the intestine has preceded the development of the abscesses of the 
liver, it has not yet been proved that the hepatic disease is the result 
of the intestinal infection, and, above all, no one has succeeded in demon- 
strating, as the connecting link, any implication of the roots of the 
portal vein in the intestinal inflammation, or an intestinal pylephle- 
bitis.’’ These disputations were continued as late as 1898 and 
Rogers,*”* in his Lettsonian Lectures, directs attention to the ‘‘completely 
contradictory statements in the articles on dysentery and liver abscess 
in the first edition of Allbutt’s System of Medicine by Davidson and 
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Lafleur respectively.’’ The former author®* considered liver abscess 
occurring in tropical or subtropical countries as ‘‘an uncomplicated 
disease, and that when complicated with dysentery it not infrequently 
precedes it’? and contended that it was due to a primary hepatic in- 
sufficiency consequent to residence in a hot climate which ‘‘favors the 
settlement and growth of pyogenetice organisms in the liver, quite apart 
from any dysenterie complications ...’’ In eontradistinetion to this 
hypothesis, Lafleur?°* described clearly the pathogenesis of amebic 
dysentery and its complication, hepatic abscess, and attributed the 
process to the direct activities of the ameba. Even up to the turn of the 
present century the subject remained controversial and as expressed by 
Rogers,*** ‘‘in spite of the valuable work, especially by Kartulis and 
Councilman and Lafleur, medical opinion in 1902, particularly in India, 
was against the recognition of amebie dysentery as a distinct disease 
and also to a great extent contrary to its acceptance as the causative 
agent of tropical liver abscess, while there were still great differences 
of opinion as to whether such abscesses were in any way directly asso- 
ciated with dysentery.”’ 


Credit for the discovery of the Endameba histolytica is usually given 
to Léseh,?** (1875). However, it should be realized that although he 
successfully reproduced the disease in one of four dogs by contaminating 
their food and injecting them rectally with stools containing the motile 


amebae, he did not consider the ameba as the cause of the disease but 
merely suggested that their presence delayed healing of the ulcerations. 
Koch,’ in 1883, stated that he had observed amebae in material obtained 
from colonic ulcers of five patients dying of dysentery in Egypt. Two 
of these cases were complicated with liver abscess, and because in one 
amebae were found in the capillaries and tissues adjoining the abscess, 
he considered their possible etiologic significance. Perhaps Kartulis'®? 
presented one of the most important early contributions toward the 
recognition of the etiology of amebie dysentery and its complication, 
liver abscess. In 1886, he published the results of his investigation of 
150 cases of dysentery in Egypt. He demonstrated amebae, similar to 
those previously described by Lésch, in ulcers and in tissue beneath 
ulcers of sections of diseased intestines, and concluded that these 
protozoa were the cause of ‘‘tropical dysentery.’’ He stated sub- 
sequently?” 1°° that he had found similar amebae in the pus of liver 
abseesses and that it was the causal agent of hepatic abscess associated 
with dysentery in the tropics. As stated previously, in viewing retro- 
spectively the then current controversy which apparently raged concern- 
ing the etiology of ‘‘tropical dysentery’’ and associated liver abscess, 
it is of curious interest, in the light of subsequent development, to read 
the severely critical attack of Kartulis’ conclusions launched by Bert- 
rand and Fontan’ in their extensive treatise published in 1895, and. 
the argumentative defense of their view that liver abscess associated 
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with dysentery is caused primarily by invasion of pyogenie micro- 
organisms and that amebae might play a secondary but not a specific 
role. 

Numerous investigators subsequently confirmed Kartulis’ observa- 
tions. One year after Kartulis’ publication, Jarosloy Hlava'®’ demon- 
strated amebae in sixty cases of dysentery occurring in Prague and sue- 
cessfully reproduced the disease in four of six cats by intrarectal in- 
oculation of dysenterie stools obtained from human beings. In this 
connection there is an interesting and rather curious story which has 
medico-literary significance. For over fifty years these observations 
of Hlava were credited in textbooks and periodicals on the subject, to 
O. Several years ago Dobell’®! unmasked this 
mysterious character. It appears that Hlava'’® published his original 
article in a relatively inaccessible Czechoslovakian journal with the title, 
Uplavici. Predbezné sdeleni’’ (On Dysentery. Preliminary Com- 
munication). According to Dobell no translation or further communica- 
tion was ever published and subsequent investigators have referred to 
the brief review or abstract of this article signed by Kartulis and ap- 
pearing in the Centralblatt fiir Bakteriologie und Parasitenkunde.?? 
Extraordinary as it may seem, Hlava’s name was completely omitted in 
this abstract and only the title of his paper was presented as ‘‘ Uplavici, 
Q.’’*° Moreover, not only did Kartulis refer to the author personally 
as Uplavici but in the contents of the issue in which the abstract appears 
the name is given as ‘‘ Uplavici, O.’’ By 1910, ‘‘ Uplavici, O.’’ was listed 
in the Index Catalogue of Medical and Veterinary Zoology, as having 
acquired a doctor’s degree. As stated by Dobell, the mysterious ‘‘ Dr. 
QO. Uplavici’’ has haunted respectable books and periodicals long enough 
and it ‘‘seems high time that this ghost should be laid once and for all.’’ 

Of no less historical importance are the investigations in this country. 
Osler,?*! in 1890, observed amebae in a liver abscess of a patient operated 
upon and in whom amebae were found subsequently in the stools. 
Shortly afterward, similar observations were made by Stengel,®*** Musser 
and Willard,?** and Dock.1°? In 1891, Councilman and Lafleur’? pre- 
sented their classical contribution based upon a perspicuous investiga- 
tion of fifteen cases of amebic dysentery and six complicating liver 
abscesses. These studies conclusively established ‘‘amebie dysentery”’ 
and its complication ‘‘amebie abscess of the liver’’ as clinical entities 
with the ameba as the specific etiologic agent. Indubitable corroborative 
evidence of this fact was supplied by Kovaes,?°° in 1892, who success- 
fully produced dysentery in kittens with amebae from dysentery cases 
in human beings, and by Kruse and Pasquale,?°' in 1894, who success- 
fully produced characteristic dysentery in a cat by intrarectal instilla- 
tion of sterile liver abscess pus containing amebae. In 1901, Harris’ 
also aecomplished, perhaps for the first time in puppies, successful ex- 
perimental production of amebie hepatic abscess following experi- 
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mentally produced amebic dysentery. Subsequently, similar results 
were obtained in cats by Craig,*® Huber,’*! and others.” 

The important extensive clinical investigations of amebic hepatic 
abseess by Sir Leonard Rogers deserve mention in any historical con- 
sideration of the subject. Approximately: four decades ago**® this in- 
vestigator demonstrated that whereas active amebae were frequently 
not present in the ‘‘pus’’ they were constantly found in the wall of 
tropical abscesses of the liver and that in the majority of instances 
pyogenic organisms were absent from these abscesses when they were 
first opened. He immediately realized the significance of this fact and 
directed attention to the importance of treating the abscesses conserva- 
tively with aspiration and emetine, which will be considered in greater 
detail under the discussion of therapy. Of interest in this connection 
is a recent article of Huard, Long, and Graziana’™ in which a Dr. 
Florence’*® is cited as antedating Rogers in the use of emetine therapy. 
They state that Dr. Florence employed hypodermic injections of emetine 
as early as 1882. 

Incidence.—Intensive studies during the past decade have clearly 
established the relative frequency and increasing significance of 
amebiasis. In spite of the well-established fact that amebiasis is of 
ubiquitous occurrence, the fallacious impression still exists that 
amebiasis is an acute disease usually contracted in the tropics and 
manifested principally by dysentery or liver abscess. Its universal dis- 
tribution has been conclusively demonstrated by extensive surveys made 
in various parts of the world. As aptly expressed by Faust,1* 
‘*Endamoeba histolytica has been found wherever careful coprological 
surveys have been made on the human population, from Saskatchewan, 
Canada (52° 30’ N.) to the Strait of Magellan (52° S.).’’ Its preva- 
lence in the United States has been emphasized repeatedly by Craig‘? 
who is of the opinion that between 5 and 10 per cent of this country’s 
population harbor the parasite. That this is not an exaggerated esti- 
mate is clearly demonstrated by the results of numerous surveys in vari- 
ous parts of the country. Indeed, on the basis of more recent investiga- 
tions Faust''® coneludes that ‘‘the incidence figure may possibly average 
as high as 20 per cent, or double that of previous accepted estimates.’’ 
As early as 1911, Sistrunk*** directed attention to its frequency here 
and found it present in 17.2 per cent of 145 patients examined at the 
Mayo Clinic. Subsequent studies in this institution revealed an in- 
cidence of 22.5 and 7.9 per cent, respectively.?** *** In the Veterans 
Bureau Hospital in California, Wight*** observed an incidence of 6.8 
per cent and Meleney, Bishop, and Leathers*** found it to be 11.4 per 
cent in an examination of 20,287 individuals in Tennessee. Faust*'* 
reported,a 20 per cent incidence in one county in Virginia and 13.7 per 
cent in an examination of 1,100 individuals in New Orleans. Craig** 
found a 12.7 per cent incidence in an examination of 189 officers of the 
Medical Corps of the United States Army. In 1934, Craig*® reported 
the results of a collection of the most important surveys made in various 
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parts of the country and found an incidence of 11.6 per cent in 49,336 
individuals examined. Moreover, it would seem that the incidence of 
infection is increasing. Thus, in a collected series of 19,882 individuals 
examined before 1930 there was a positive incidence of 10.3 per cent,*°® 
whereas in a similarly collected group of 28,634 individuals examined 
since 1930 the incidence was 12.8 per cent.‘’? However, as recently 
emphasized by Faust''® such surveys are ‘‘too few and too fragmentary 
to provide a complete demographic picture of the infection. For many 
areas no surveys have been undertaken; for many others the data are 
based on unrepresentative groups of the population or too few persons 
have been examined to provide significant statistics. Moreover, most 
surveys have employed a single technique on a single stool specimen; 
hence the positive cases reported constitute only a fraction of the true 
incidence in the particular area.’’ Accordingly, it is his authoritative 
opinion that, ‘‘In the population of the United States an average 
amebiasis incidence as high as 20 per cent may be reached, rather than 
the accepted figure of 5 to 10 per cent.’ 

Thus, it would seem that Craig’s estimate that between six million 
and twelve million people in this country are infected with this para- 
site is too conservative and that a figure of twenty to twenty-five million 
would be more accurate. The surgical significance of this appallingly 
high incidence lies in the potential development of hepatic infections. 
In a previous publication®** it was shown that approximately 4 to 5 per 
cent of individuals with intestinal amebiasis develop hepatic complica- 
tions. Accordingly, on the basis that twenty million people in this 
country are infected with EF. histolytica, the potential number of hepatic 
complications is approximately one million. Such an astounding figure 
emphasizes with striking clarity the full significance of this important 
complication. 

It is obviously difficult to determine accurately the relative occurrence 
of complicating amebic hepatitis and hepatic abscess in intestinal 
amebiasis. The reported statistics vary considerably and depend upon 
a number of factors. Thus, statistical analyses based upon post-mortem 
cases will reveal a much higher incidence of hepatie abscess than those 
based upon clinically observed infections. Obviously, the former cases 
include patients with more severe amebie infections who are more likely 
to have complicating liver abscess which is often the cause of death. 
Moreover, autopsy studies permit more accurate determination of extra- 
intestinal amebie involvement. In a collected series of 5211 fatal cases 
of amebiasis,‘!' 36.6 per cent were found to have hepatie abscess (Graph 
II). The lowest incidence in this group was 7.6 per cent®* and the 
highest was 84.4 per cent.**° 


As previously stated, the incidence of hepatic abscess in all cases of 
intestinal amebiasis varies according to different reports and seems to 
depend upon whether the cases were ambulatory or not. Thus, 
Futcher'® reported 27 cases (22.6 per cent) of hepatic abscess in 119 
cases of intestinal amebiasis at the Johns Hopkins Hospital. Buchanan,” 
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on the other hand, found that in India the ratio of hepatic abscess to 
intestinal amebiasis was 1 to 628 in the natives and 1 to 18 in the 
Europeans. In Peiping, Tao**’ observed an incidence of 1.8 per cent 
in 1,000 cases of positive amebic infections. In a collected series of 
9,696 cases of clinical amebiasis, including the authors’, there were 472 
cases of amebice abscess of the liver, an incidence of 4.86 per cent*’? 
(Graph II). In the Charity Hospital group of our series there were 
160 cases of amebic hepatic abscess among 1333 cases of amebie dysen- 
tery, an incidence of 17.4 per cent. There has been a curious change 
in the incidence during the fourteen-year period in this institution. 
Thus, during the six-year period, 1928 to 1933 inclusive, there were 59 
(or 15.2 per cent) cases of amebic hepatic abscess among 388 cases of 
intestinal amebiasis.*** During the four-year period, 1934 to 1937 in- 
clusive, these respective figures were 59 (or 20.4 per cent) and 288,287 
More recently during the four-year period, 1938 to 1941 inclusive, there 
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Graph II.—Relative incidence of amebic hepatic abscess in fatal and clinical ame- 
biasis. 


were only 42 (or 6.4 per cent) cases of amebice hepatic abscess in 657 
cases of intestinal amebiasis.2*° Thus, it would seem that the incidence 
of amebiasis has continued to increase but the incidence of complicating 
hepatic abscess has been decreasing during the last four years although 
it was increasing up to that time. This would suggest that intestinal 
amebiasis is being recognized earlier and treated more effectively in re- 
cent years. However, as emphasized by Craig,*° many cases remain un- 
diagnosed especially in the temperate climates where amebiasis is still 
considered a tropical disease hy too many physicians. This author** has 
on numerous oceasions found an amebic hepatic abseess at autopsy that 
was entirely unsuspected before death. 

The incidence of amebie hepatitis and hepatic abscess in hospital ad- 
missions also varies considerably in different localities and in many in- 
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stances does not conform to the incidence of amebiasis in the same 
locality. At the Charity Hospital in New Orleans, during the fourteen- 
year period, 1928 to 1941 inclusive, there were 784,622 total admissions, 
among which there were 160 patients with amebic abscesses and 101 with 
pyogenic abscesses with respective incidences of 0.020 and 0.0128 per 
cent of the total admissions. During the same period there were 2,538 
patients diagnosed as having liver disease, of which 160 (or 6.3 per 
cent) had amebic hepatic abscess and 101 (or 3.9 per cent) had pyogenic 
abscesses. In 3,115 hospital surgical patients, Eolian''? found amebie 
liver abscess to be present in 0.28 per cent. In Ceylon, Wijerama*® 
found an incidence of 1.2 per cent among 4,070 hospital admissions. In 
South Carolina, Young and Bristow*’* report an incidence of 0.07 per 
cent in 34,994 total hospital admissions. As commented upon previ- 
ously,?** the unusually low incidence of 0.000017 per cent reported by 
Goldburgh,'*? based upon 120,000 admissions at the Jefferson Hospital 
and 232,000 admissions at the Philadelphia General Hospital, is rather 
difficult to explain. Whereas the relative incidence of amebie abscess 
is considerably greater in the Charity Hospital series (0.034 per cent) 
than in the Philadelphia group (0.000017 per cent) it is our opinion 
that this marked difference cannot be explained solely by the slightly 
higher incidence of amebiasis in the South which according to Craig* 
is only about three times greater. Reports on the incidence of amebiasis 
in the two regions convincingly demonstrate this fact. Wenrich, Stab- 
ler, and Arnett*®® found an incidence of 4.1 per cent of amebic infesta- 
tion in routine stool examinations on 1,070 college freshmen at the Uni- 
versity of Pennsylvania. Similar studies made by Faust and Headler'’® 
on 4,270 white clinic patients in New Orleans showed an incidence of 
8.3 per cent. While the former incidence appears to be one-half as great 
as the latter it should be realized that college freshmen would be ex- 
pected to be in better general health than clinic patients. In the au- 
thoritative opinions of Craig’? and Faust‘!* both incidences would be 
much higher if repeated stool examinations were made on each individ- 
ual. As previously emphasized,?**: ?** *%?-?84 the relative frequency of 
amebiasis in the temperate climates is not thoroughly appreciated and 
consequently the possibility of amebie hepatic abscess is likely not to be 
considered. In this connection the surprisingly low incidence of amebic 
hepatic abscess to all liver abscesses recently reported at the Mayo Clinic 
is of further interest.** °° Only 18 (or 14 per cent) of 125 surgical 
cases of liver abscess were attributable to ameba,'®’ which is in striking 
contrast with the incidence of 63 per cent amebic hepatic abscess in our 
series of 287 liver abscesses (Graph I). Surveys made in both areas 
demonstrate clearly that these contrasting incidences (14 per cent at the 
Mayo Clinie and 63 per cent in the New Orleans series) cannot be ex- 
plained solely by the respective incidences of amebiasis in the two 
regions. Thus, in a total number of 7,302 patients at the Mayo Clinic 
in which stool examinations were made LF. histolytica was found in 
1,275 (or 17.4 per cent) 72% 347 whereas similar studies on 4,270 
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white patients in New Orleans showed the incidence to be 8.3 per cent.’ 
Faust''’ was also struck by ‘‘unexplained discrepancies in different 
population groups in the same locality.’’ Referring to the incidence of 
amebiasis according to various surveys he states that, ‘‘Clinic patients 
in Philadelphia have been reported to have an incidence of only 1.1 per 
cent and college students in the same city 4.1 per cent, food handlers 
in San Francisco have been found to have only 3.0 per cent infection but 
University of California students, 53.0 per cent.”’ 

The sex factor apparently plays a definite role in the development 
of amebie hepatitis and hepatic abscess but its exact significance is not 
clearly understood. Its etiologic importance, however, is demonstrated 
by the fact that in a series of 1789 cases collected from the literature,*! 
1703 (or 95.1 per cent) were males. In our series of 181 cases there 
were 157 (or 86.7 per cent) males (Graph III). Rolleston and MeNee**® 
have attempted to explain this curious susceptibility in the male by the 
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Graph IIl.—Sex incidence in amebic hepatic abscess based upon 1789 collected cases 
and 181 cases of the authors. 

greater likelihood of trauma and the greater incidence of alcoholism 
which predispose to hepatitis in this sex. As previously stated, how- 
ever, a more probable explanation of the preponderance of the male sex 
in amebie hepatic abscess is the predominant occurrence of intestinal 
amebiasis in the male. This is demonstrated by Manson-Bahr’s*** recent 
report of 535 cases of amebie dysentery in which the incidence of males 
was 83.9 per cent. However, the much higher incidence of intestinal 
amebiasis in males is yet to be satisfactorily explained. 


Amebic hepatitis or hepatie abscess oceurs principally during adult 
life or in the most active period and few cases are observed in individ- 
uals less than 20 or greater than 50 years of age. Of almost 400 cases 
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analyzed by Rogers and Megaw**?® 70 per cent occurred in the third 
and fourth decades. Ludlow,?'* Craig,*’ and Spittel®® have reported 
similar incidences. Palazuelos and Lerner,*’? in an analysis of 74 cases, 
found that 35.6 per cent occurred in the third decade, 31.5 per cent in 
the fourth, and 17.8 per cent in the fifth. Whereas its occurrence is 
rare in children, it has been observed even in infants. In 1824, Brown,** 
although not cognizant of the etiology, observed a case in a 1-year-old 
negro girl who had a liver abscess following dysentery. Niblock?** re- 
ported a case in a Hindu boy 11 months of age, and Leroy des Barres?®® 
recorded a case in an eight-month-old infant. Amebie dysentery also 
occurs rarely in children but as stated by Craig,*’ this is ‘‘not believed 
to be due to any inherent insusceptibility to the infection but to a lesser 
chance of contracting the infection.’’ In our series of 181 eases the 
youngest patient was 6 years old, the oldest was 70, and the average age 
was about 40. The greatest age incidence according to decades was in 
the fourth and fifth, over 60 per cent of the cases occurring between 
the ages of 30 and 50 years and almost nine-tenths of the cases occurring 
between the ages of 20 and 60 years (Graph IV). Thus, our patients 


53.1% 


(authors cases) 


Years 0-9 10-190 20-29 3039 4049 5059 60-69 


Graph I1V.—Age incidence in amebic hepatic abscess according to decades in 181 cases 
of the authors. 


are approximately a decade older than the tropical ones. As previously 
stated, this is probably due to the greater span of life in the tropics 
than in the temperate zones. 


Whereas all races are apparently susceptible to infection with LF. 
histolytica it is the consensus that in the tropies the natives suffer less 
with clinical manifestations, especially amebic dysentery, than white 
people. Moreover, a number of observers in the tropics have expressed 
the opinion that Europeans are more susceptible to the development 
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of amebic hepatic abscess than natives. Of 568 cases analyzed by 
Buchanan,** 75.8 per cent were white patients and 24.1 per cent natives. 
Somewhat similar observations were made by Ludlow?! in Korea, and 
Herrick’®* in the Canal Zone. On the other hand, in a series of 150 
cases reviewed by Huard and Meyer-May,'** 66 (or 44.4 per cent) were 
among the white inhabitants and 84 (55.5 per cent) among the natives 
in Tonkin. Craig* believes that the comparative mildness of amebic 
symptoms among natives in the tropies is ‘‘largely due to a partial im- 
munity to the effects of the parasite acquired by constant infection since 
childhood.’’ In our series of 182 cases, 108 were white and 74 were 
colored patients. However, only the Charity Hospital group of 160 pa- 
tients in this series can be considered because colored patients are not 
admitted to the Touro Infirmary. In this series of 160 cases there were 
87 (or 54.4 per cent) white and 73 (45.5 per cent) colored patients, 
a distribution commensurable with the general admissions to the hospital 
of the two races (Graph V). As previously stated, the relatively high 
incidence of colored patients in this group as compared to other reported 
series may be accounted for, probably, by the fact that only one other 
institution in New Orleans admits negro patients, and possibly by the 
fact that white patients are more likely to consider and attempt to ob- 
tain antiamebie therapy before admission to the hospital. 
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Graph V.—Race incidence of amebic hepatic abscess in 160 cases of the authors. 


A number of other factors such as alcoholism, traumatism, exposure, 
improper diet, and lowered resistance have been considered to have some 
predisposing influence upon the development of amebie hepatitis and 
hepatic abscess. Of these, excessive indulgence in alcohol is believed by 
most authorities to be the most important. In fact some have cited the 
more abstemious habits of females as a significant factor in their com- 
parative freedom from this complication. Rolleston and MecNee**® be- 
lieve that even the moderate use of aleohol predisposes to amebie hepa- 
titis, as demonstrated by the increased incidence of this complication 
in natives who are not total abstainers. A number of observers have 
directed attention to the relatively high incidence of alcoholism in their 
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studies of the subject. A positive history of alcoholism was obtained 
by Waring*** in 67.5 per cent of 40 cases, by Rogers**® in 54.5 per cent 
of 44 cases, by Megaw?*? in 70 per cent of 170 cases, and by Chen and 
his associates®® in 67.7 per cent of 31 cases. On the other hand Eolian'” 
is of the opinion that aleoholism has little or no predisposing influence 
because the incidence of amebic hepatic abscess is no greater among the 
natives of Armenia whose habits are far from abstemious in this regard 
than among the Europeans. This is supported further by the rela- 
tively low incidence of alcoholism found in the investigations of other 
observers. Thus, a positive history of aleoholism was obtained by 
Peiris** in 24 per cent of 28 cases, and by Jayasuriya'®® in only 18 per 
cent of 73 cases. Unfortunately, the significance of the aleoholie factor 
cannot be ascertained in our series because in only 10 cases was any 
statement made concerning its consumption. Of this number 8 gave 
a positive history and 7 were abstainers. 


The significance of seasonal influence upon the development of amebic 
hepatie abscess is questionable. In an analysis of 236 cases according 
to the four seasons, Rogers**® found the incidence almost equal. Rolles- 
ton and MeNee,**® however, have expressed the opinion that sudden 
variations in temperatures are important factors, and Schrumpf-Pier- 
ron**° stated that the sudden occurrence of hot winds in Egypt was the 
most important cause of recurrence of amebic hepatitis. Whereas 
climatic factors cannot be considered definitely influential in the de- 
velopment of amebie hepatie abscess, a more definite relationship seems 
to exist regarding the incidence of amebic dysentery. According to 
Craig,®° amebie dysentery occurs more frequently in hot, moist climates 
and is due probably to the increased possibility of transmission and to 
the depressing effect upon the resistance of the host. 


Pathogenesis.—It has been clearly established by clinical as well as 
experimental investigations that amebie hepatitis is the result of inva- 
sion of the liver by the ameba. The three possible routes by which 
amebae may gain access to the liver are (1) by direct extension through 
the bowel wall, peritoneal cavity, and the capsule of the liver; (2) by 
the lymphatic route; and (3) through the portal vein. Councilman and 
Lafleur”® originally contended that amebae ‘‘reach the liver by another 
route than through the blood and lymphatic vessels,’’ that is, ‘‘by means 
of the abdominal cavity’’; this was based upon their observations that 
the most frequent sites of these hepatic abscesses were in the periphery, 
either on the diaphragmatic or colonic surfaces of the right lobe, and 
the presence in one case of an associated amebic peritonitis in the right 
abdominal quadrant. The presence of amebae in the peritoneal exudate 
and in abscess beneath the right rectus muscle lends credence to this 
theory.**? Extension through the lymphatics is based upon the finding 
of amebae in lymphatic vessels of the colon.”° However, this mode of 
transmission is obviously rare, and is probably never operative. 
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That amebae reach the liver from the primary focus in the intestine 
through the portal vein is the consensus of most authorities. Amebae 
are frequently observed in the capillaries and vessels of the intestinal 
submucosa and in the portal tributaries. According to Rogers*®’ if 
‘‘amebae happen to reach some part of the liver in such numbers as to 
cause clotting of several contiguous small veins so as to interfere with 
the blood supply sufficiently to produce a small foeal necrosis with con- 
sequent softening of the walls of the veins allowing escape of the amebae 
into the soft liver tissue, the commencement of an abscess results.’ 
Once this process begins, further spread of the organisms occurs along 
the open veins with further destruction of the liver parenchyma and 
extension of the cavity in concentric circles until a fibrous capsule sur- 
rounding the abscess develops. 

In the development of amebic hepatitis and hepatic abscess the two 
factors which play prominent roles are: (1) the production by the 
amebae of intrahepatic portal thrombosis and infarction, and (2) the 
cytolytic activity of the ameba. That amebae lodge in the smaller 
portal radicles producing thrombosis with typical infarction and con- 
sequent focal necrosis has been convincingly demonstrated by experi- 
mental and clinical investigations.?°* *'* These appear characteristically 
in the portal triads and extend peripherally towards the capsule, thus 
paving the way for the cytolytic activity of the amebae to produce lysis 
and destruction of the involved liver parenchyma. In one of the autopsy 
cases studied by Palmer,*** amebae were found in a thrombosed branch 
of the portal vein in the liver. According to Craig,*° in the earliest 
stage of abscess formation ‘‘there is an area of capillary congestion 
surrounding an area composed of cytolyzed tissue cells in which may be 
seen red blood corpuscles, degenerated liver cells, a few leucocytes, con- 
nective tissue cells, and granular debris, with now and then a tropho- 
zoite of FE. histolytica lying in a zone of completely cytolyzed material.’’ 
Undoubtedly, in many instances this early process of amebic hepatitis 
does not progress further but heals by connective tissue replacement. 
That this is not an infrequent occurrence in amebiasis is clearly shown 
by the fact that sections of liver in cases of active intestinal amebiasis 
reveal generalized increase in portal connective tissue and focal sear 
tissue residues of healed small amebic abscesses. 

According to this concept it becomes obvious that in the early phase 
of an amebie hepatitis a balance exists between regression toward healing 
by sear tissue replacement and progression towards suppuration and 
abscess formation. Probably the scale is upset by certain predisposing 
factors such as the relative resistance of the host and virulence and 
number of the organisms, the presence of pathogenic bacteria, and pos- 
sibly alcohol, trauma, and other detrimental agencies, resulting in true 
abscess formation. 

The amebae are found characteristically in the zone of necrotic tissue 
adjacent to the outer dense fibrotic abscess wall. They can be demon- 
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strated with greatest frequency in the earlier stages of amebic hepatitis 
or in the marked necrotic tissue of early abscesses and are rarely found 
in the older abscesses with thick fibrotic capsules. Probably this ae- 
counts for the fact that amebae are so difficult to find in the contents 
of large amebie abscesses, especially when first opened, although several 
days later they may be found in the ‘‘pus.’’’° Aceording to Mae- 
Callum?*? this may be explained on the basis that amebae require oxygen, 
and after the abscess has been opened and exposed to the air amebae 
may readily appear in the draining material. There is considerable 
discrepancy among different observers concerning the incidence of ame- 
bae in the abscess contents. Whereas Rogers,*®® Futcher,’*? and Chen 
and co-workers®® were able to demonstrate amebae in the contents of 
hepatic abscesses in 96.2 per cent, 99.1 per cent, and 65 per cent of 
their respective series, Okinschewitsch,?*? Bressot,*’ and Huard and 
Meyer-May,'* found this incidence to be 12 per cent, 11.9 per cent, and 
7.4 per cent respectively in their series of cases. In a series of 873 
cases collected from the literature, amebae were demonstrable in the 
abseess contents in 330 (or 37.8 per cent)‘ (Graph VI). In our 
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Graph VI.—Respective incidences of sterile abscesses, ameba in pus, and ameba in 
stools in collected and authors’ cases of amebic hepatic abscess, 


series of 91 cases, in which the results of this examination were stated, 
there were only 15 (or 16.5 per cent) with positive findings (Graph VI). 
The unusually high incidence reported by Rogers,**® Futcher,'*? and 
Chen and his associates®® may be explained by the fact that scraping 
of the abseess wall was generally performed. In our cases this was 
rarely done. 

Previously the role of pathogenic bacteria in the production of amebic 
hepatie abscess was a subject of considerable discussion. Whereas pyo- 
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genic organisms undoubtedly produce hepatic abscesses, in cases of 
amebic abscess in which they are demonstrable they are probably sec- 
ondary invaders and usually there is a change in character of the ab- 
scess contents. As has been previously emphasized, the fact remains 
that true amebie hepatic abscesses are characteristically bacteriologically 
sterile. Relatively large series of cases have been studied by Manson- 
Bahr,?** Futcher,'*? and Rogers,**> who found the ‘‘pus’’ sterile in 91.1 
per cent, 86.6 per cent, and 86.2 per cent respectively. In a collected 
series of 619 cases 527 (or 85.1 per cent) were found to be sterile*’’ 
(Graph VI). An almost similar incidence (84.6 per cent) was found 
in our series of 91 cases (Graph VI). As previously emphasized,?**-?** 
282-285, 287 this ig an extremely important fact the significance of which 
will be better appreciated in the discussion of therapy. The pyogenic 
organisms most commonly found in secondarily infected amebic hepatic 
abscesses are streptococci and staphylococci. However, occasionally 
other forms are observed. Enterococci, Bacillus coli, and pneumococci 
have been reported by Huard and Mayer-May.'** Of the 14 cases in 
our series in which secondary infection was present, staphylococci were 
demonstrable in 8, streptococci in 4, the combination of these two in 1, 
and B. coli in 1. 

Pathology.—There is considerable variation in the gross appearance 
of the liver in amebie abscess depending upon the location and the de- 
gree and stage of involvement. Usually the liver is enlarged although 
if the abscesses are small and deeply situated it may have a fairly normal 
external appearance. On the other hand localized peritonitis with 
fibrinous exudation is usually present on the surface in those eases in 
which the abscess lies near the capsule. Adhesions to the diaphragm 
are present in those peripherally located abscesses in the dome of the 
liver. 

When the liver is sectioned the abscesses become readily visible and 
the surrounding parenchyma presents evidence of fatty degeneration 
and venous congestion. Depending upon the stage of the process macro- 
scopically the abscesses vary in size and charactér. Upon this basis 
Councilman and Lefleur’® classified amebic abscesses into three types: 
(1) the small, which are acute; (2) the larger abscesses with partially 
fibrous walls; and (3) the chronie with hard, dense fibrous shells. The 
earliest visible stage of abscess formation appears as a minute grayish- 
brown area having a moth-eaten appearance and, according to Craig,*® 
represents necrosis of cytolysis of tissue produced by the ameba. From 
this stage abscesses may be observed ranging in size from a few milli- 
meters in diameter to 15 or 20 em. Occasionally the abscess actually 
occupies almost the entire lobe of the liver. 

Whereas the contents of the abscess have a characteristic appearance, 
there may be some variation depending upon the stage and nature of 
the infection. Thus, in the earlier stages of the nonsecondarily infected 
amebie abscesses the material has a viscid, glary semitransparent appear- 
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Fig. 1.—Colored photograph showing characteristic chocolate-sauce pus obtained from 
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amebic abscess of liver (Case 3). 
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ance. Later the contents become less viscid and due to the mixture of 
blood assume yellowish-red or chocolate-brown color (Fig. 1). This 
characteristic appearance of the material contained in the abscess has 
been variously described as resembling ‘‘liver serapings’’ (raclure de 
foie) ‘‘erushed strawberries’’ (fraise écrasée),*° ‘‘wine dregs’’ (lie 
de vin) ,?°* anchovy sauce, and ‘‘chocolate sauce’? which in our opinion?** 
is the most descriptive (Fig. 1). According to Costantini®® and Man- 
son-Bahr?** this material is so characteristic of an amebie hepatic ab- 
scess that its presence justified a positive diagnosis even though amebae 
are not demonstrable. Once the abscess becomes secondarily infected 
the contents become more purulent and develop a greenish or grayish- 
yellow creamy character. However, it should be realized that the 
contents of a pure amebic abscess do not consist of pus but a mixture of 
blood, ceytolyzed liver tissue, and small solid particles of liver paren- 
chyma which have resisted destruction. 

The stage of the lesion also determines the character of the abscess 
wall. Thus, in the earlier stages of abscess formation the wall may be 
searcely visible, whereas in the later stages a dense well-defined fibrous 
tissue capsule of varying thickness is conspicuously present. Accord- 
ing to Craig® this typical fibrous wall is ‘‘due to the fact that the con- 
nective tissue of the liver offers a marked resistance to cytolysis and 
that the invasion of tissue of this parasite stimulates connective tissue 
formation.’’ The importance of this limiting fibrous membrane is em- 
phasized by Rogers*?°> who believes that once it has formed, further 
destruction of liver tissue occurs only after secondary infection develops. 
In medium-sized abscesses the inner aspect of the fibrous wall has a 
typical shaggy appearance and is covered with shreds of necrotic tissue. 
This is due to the connective tissue framework of the liver parenchyma 
which resists the cytolytic activity of the ameba. Cases in which the 
bands or ‘‘shreds of partly cytolyzed connective tissue reach entirely 
across the abscess cavity’’ have been described by Craig.*° The internal 
surface of the fibrous wall has a smoother appearance in older chronic 
abscesses. 

The microscopic appearance of the abscess also varies according to the 
stage of the process. The lesion is essentially one of the colliquative 
necrosis and liver parenchymal disintegration with characteristic absence 
of leucoeytie infiltration and inflammatory reaction. In the early stages 
of amebic hepatitis, section reveals cytolyzed and degenerated liver cells, 
red blood cells, a few leucocytes and fibroblasts and an occasional ameba 
surrounded by a zone of capillary congestion. As the lesion advances to 
true abscess formation a well-defined wall of connective tissue appears 
surrounding the cavity containing granular necrotic liver tissue, erythro- 
cytes, lymphocytes, and a few polymorphonuclear leucocytes. In the 
more peripheral areas of the abscess wall, amebae can frequently be 
observed invading the surrounding liver parenchyma. In the older 
thick-walled abscesses there is present cytolyzed necrotic tissue contain- 
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ing fibrin, erythrocytes and monocytes on the inner aspect, and pro- 
liferating fibroblasts and lymphocytes near the periphery extending into 
an area of hyperemia. Calcification of an amebic hepatic abscess is 
considered most unusual.’*° 

Whereas the location and number of amebie hepatic abscesses may 
be variable, characteristically they are single and occur in the right lobe 
near the dome of the liver or the inferior surface near the hepatic 
flexure of the colon. The incidence of right and left lobe involvement 
and single and multiple abscesses varies according to different authors 
but depends essentially upon analyses based upon clinical or autopsy 
cases. Fontan'*’ recorded right lobe involvement in 97 per cent of his 
eases. In their analysis of 150 cases, Huard and Meyer-May'® found 
right lobe abscesses in 92 per cent and Moynihan?*® observed an inci- 
dence of 71 per cent in this lobe and 16 per cent in the left. Clark,®* 
in a study of 95 autopsy cases, found an incidence of 55.7 per cent 
in the right lobe, 8.4 per cent in the left lobe, 16.8 per cent in the right 
and left lobes, and 15.7 per cent in all lobes. Left lobe involvement 
occurs so infrequently that it is considered report-worthy.*® In a col- 
lected series of 2,179 cases the right lobe was involved in 1,848 (or 84.7 
per cent) and the left lobe in 331 (or 15.2 per cent)*’® (Graph VII). 
In our series of 140 cases these respective incidences were 96.3 and 3.6 
per cent (Graph VII). Probably the explanation for the higher inci- 
dence of right lobe involvement in our series lies in the fact that a large 
number of autopsy cases are included in the collected series. In pre- 
vious publications attention was directed to this fact and collected elini- 
cal eases revealed a higher incidence of right lobe involvement in the 
latter and a five times greater incidence of bilateral involvement in the 
former. Obviously, fatal cases coming to autopsy are more likely to 
have extensive liver involvement. Moreover, in the clinically observed 
cases small abscesses may resolve and remain unrecognized under appro- 
priate therapy, whereas thorough post-mortem examination will reveal 
even these small lesions. 

In previous communications we expressed the opinion that predom- 
inance of right lobe involvement may be explained possibly on the basis 
of certain experimental investigations of Sérégé,**) *4? Glenard,'*® Bart- 
lett, Corper, and Long,’* and Copher and Dick.® These investigators 
demonstrated the existence of two currents of blood in the portal vein, 
one from the superior mesenterie vein, which goes to the right lobe, and 
one from the inferior mesenteric and splenic veins, which goes to the 
left lobe of the liver. It has been shown by numerous observers that 
amebic lesions are encountered most frequently in the cecum and ascend- 
ing colon.** ** 5°, 146 18% 398 Tn almost two-thirds of 36 cases studied 
by Rogers**® the lesions were actually limited to the cecum and ascend- 
ing colon. In a detailed study of 186 cases, James*®* found that in those 
eases in which the ulceration was more or less localized the ceeum was 
involved in 87.3 per cent and the ascending colon in 57.1 per cent. 
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Faust,"° who recently analyzed 249 autopsy cases from the Gorgas Hos- 
pital in Panama and the Charity Hospital in New Orleans, found that 
the cecum and appendix were the most frequent sites of involvement. 
Accordingly, the right half of the colon would seem to be the greatest 
source of amebic infection. On the basis of the two currents of blood 
in the portal vein this area drains into the right lobe of the liver and 
consequently there is greater likelihood of amebice localization in this 
lobe. 
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Graph VII.—Relative incidence of amebic hepatic abscess according to location and 
multiplicity of lesions in collected and authors’ cases. 


Whereas clinically amebic hepatic abscess has been considered charac- 
teristically single rather than multiple, varying incidences have been 
reported depending largely upon analyses of clinical or autopsy cases. 
Single abscesses were reported by Davidson®* in 75 per cent, two ab- 
scesses in 11 per cent, and more than two in 14 per cent. In analyses 
of autopsy cases the respective incidences of multiple abscesses found 
by Gaide,'** Craig,’> Sambue,**7 and Mondon?*’ were 30, 60.8, 64.8 and 
66 per cent. Further demonstration of the significance of clinical and 
post-mortem studies on the incidence of single and multiple abscesses 
is furnished by the studies of Huard and Meyer-May.'** Whereas in a 
series of 150 clinical cases multiple abscesses were found in only 13 (or 
8.6 per cent), in a series of 43 autopsy cases multiple abscesses were 
observed in 31 (or 72 per cent). As previously stated the obvious ex- 
planation for such discrepancies lies in the fact that autopsy cases are 
likely to have more extensive involvement and permit more thorough ex- 
amination than clinical cases. In a collected series of 1,609 cases, a 
single abscess was present in 1,048 (or 65 per cent) and multiple ab- 
seesses in 561 (or 34.9 per cent) (Graph VII).*"* In our series of 140 
cases these respective figures were 124 (or 88.6 per cent) and 16 (or 
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11.3 per cent) (Graph VIL). The higher incidence of single abscesses 
in our series as compared with the collected cases is undoubtedly due to 
the fact that the great majority of the former were clinical cases, whereas 
a large proportion of the latter included autopsy cases. 

Clinical Manifestations.—The onset of amebic hepatitis or hepatic 
abscess varies considerably and may be acute, subacute, or insidious 
depending upon a number of factors such as the virulence of the infec- 
tion, the resistance of the host, and others previously mentioned in 
etiology and pathogenesis. Clinical manifestations of this complica- 
tion also may develop during or immediately following the stage of 
acute intestinal amebiasis, during active or quiescent periods of chronic 
intestinal amebiasis, in healthy carriers, or in patients who have never 
had dysenteric manifestations of intestinal amebiasis. Usually clinical 
evidence of amebie hepatitis appears early in its development. How- 
ever, it should be realized that occasionally this may not become appar- 
ent until extensive involvement of the liver has occurred. 

The period elapsing between the dyseateric manifestations and the 
onset of liver involvement may vary considerably although it is usually 
from one to three months.*° Moreover, during the interim a latent 
infection of the bowel cannot be definitely excluded. Cases have been 
recorded in which amebic hepatic abscess developed twenty, thirty, and 
even forty-three years after the dysenteric manifestations.’°* In 
some of our cases this period extended from six to eight years. 

The importance of recognizing the early development of amebic hepa- 
titis has been emphasized repeatedly.??7-?7% 282-285, 287, 329° During this 
early period or presuppurative stage**’ there is invasion of the liver by 
amebae but true abscess formation has not vet occurred. The obvious 
significance of recognizing this period lies in the fact that the institu- 
tion of appropriate therapy may prevent progression to abscess forma- 
tion. This is exemplified by Case I reported in this communication. 
According to Rogers and Megaw**® the onset during this stage may be 
considered as acute or chronic. In the former the clinical manifestations 
are readily evident, quite pronounced, and develop rapidly, whereas 
in the latter they are much less distinctive and develop more gradually. 
Determinations of the relative frequency of each type of onset in our 
series were made by arbitrarily considering cases in which symptoms had 
clearly developed over a period of three weeks or less, as acute, and 
those in which the duration was longer, as chronic. Accordingly, in 
the series of 181 cases, 68 (or 37.6 per cent) were acute and 113 (or 
62.3 per cent) were chronic. In the acute group the shortest duration 
was one day and the average was from ten days to about two weeks. 
In the chronic group the longest duration was three years and the aver- 
age from three to six months. Wijerama*** found in his series of 48 
cases that the duration of symptoms was from three days to six months 
with an average of four weeks, 
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The clinical manifestations of amebie hepatitis and hepatie abscess 
may be divided into two groups: (1) systemic, and (2) local. Fever is 
undoubtedly the most frequent systemic manifestation. Manson-Bahr?** 
reported the presence of fever in 85 per cent of a series of 45 eases. In 
Wijerama’s*” series of 48 cases fever was present in 87 per cent. Pala- 
zuelos and Lerner?®? record an incidence of 89 per cent in their series 
of 74 cases. In our series of 181 cases, fever was the most frequent 
systemic manifestation, being present in 153 (or 84.5 per cent) cases 
(Graph VIII). There is some variation in the character and degree 
of pyrexia depending upon the type of onset and the presence or ab- 
sence of secondary infection and other complications. Rogers*®® states 
that in the acute forms fever is high and intermittent or remittent in 
character, whereas in the chronic types it may even be absent. In our 
series all the cases in which fever was absent were of the chronie variety. 
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iraph VIII.—Relative incidence of various clinical manifestations in amebic hepatitis 
and hepatic abscess based upon analysis of 181 cases of authors. 


Sambue*** states that in 60 per cent of the cases the temperature is be- 
low 38.5° C. According to Chen and co-workers** most of their patients 
had no fever on admission and the average temperature was 37.3° C. 
Characteristically fever is of a low grade and intermittent in character 
(Figs. 4, 7, 10, and 17). Definite hyperpyrexia which is septie in type 
usually indicates secondary infection. The majority of cases in our 
series were of the former type and only a few fell into the latter category. 

In order of frequency other systemic manifestations are weakness, 
loss of weight, anorexia, diarrhea, chills and profuse perspiration, 
nausea and vomiting, sallowness and jaundice (Graph VIII). Obviously 
the incidence and prominence of these manifestations depend largely 
upon the extent of hepatic involvement and the development of see- 
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ondary infection. Weakness and loss of weight are present in a large 
proportion of cases and may be pronounced in chronic extensive ab- 
scesses. Definite complaints of weakness and loss of weight were found 
in 55.2 per cent and 48 per cent respectively in our series (Graph VIII). 
In the more extensive abscesses loss of as much as forty to sixty pounds 
was recorded. Anorexia, nausea, and vomiting are not infrequently ob- 
served, especially in the early stages. In chronic abscesses nausea and 
vomiting are usually not prominent, and in our series were observed 
in only 22.1 per cent of the cases (Graph VIII). Chills and profuse 
perspiration are also not common in the chroni¢ abscesses but are more 
likely to oceur in the acute and subacute forms and those associated 
with remittent fever. Young*’® reported chills occurring in an inei- 
dence of 73.3 per cent in his series of cases but Manson-Bahr?** found 
this present in only 4.4 per cent and Peiris*”? stated that profuse sweats 
were distinctly uncommon. In a previous publication®** the incidence 
of chills in a collected series was found to be 24.7 per cent. In our 
series of 181 cases they were recorded in 24.8 per cent (Graph VII). 
According to some observers a peculiar sallowness or dirty yellowish 
tinge of the skin characteristically develops in amebic abscess of the 
liver. However, as previously stated, in our experience this is more 
likely to be encountered in chronic abscess of long duration and ex- 
tensive involvement and cannot be considered as characteristic of amebic 
abscess because it is merely an associated manifestation of conditions 
producing cachexia and emaciation. Actual jaundice occurs relatively 
infrequently and when deep is indicative of hepatic destruction. In 
their critical analysis of this subject, Patino Mayer and Pataro® state 
that while jaundice may be due to compression of the bile radicles by 
enlargement of the abscess, this is relatively rare and the condition 
should be most commonly interpreted as an amebic hepatosis. The in- 
cidenece and degree of jaundice vary according to different reports. 
Rolleston**® states that it is usually not pronounced and consists merely 
of a tinging of the sclera; whereas Young*®* found it present in a third 
of his eases and Palazuelos and Lerner**? observed a subicterie tinge in 
27 per cent of their cases, Ludlow?'* records an incidence of only 3 to 
4 per cent, and Peiris**? and Jayasuriya’®* report an incidence of about 
4 and 6 per cent, respectively. Others?®® **' have reported incidences 
of about 10 per cent. In our series jaundice occurred in 10.5 per cent 
and the icterus index varied from the highest figure of 200 to the low- 
est of 5 with an average of about 38. Palazuelos and Lerner?®? found 
in their series of 74 cases that the van den Bergh was normal in 50 
per cent, slightly increased in 34.6 per cent (6 to 20 mg. per cent), and 
definitely increased in 15.4 per cent (20 to 60 mg. per cent). 
Unfortunately the fallacious impression still exists that diarrhea, 
whether as an antecedent or an accompanying manifestation, occurs 
with significant frequency in amebic hepatitis and hepatie abscess. This 
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may be explained to some extent by the fact that amebiasis and amebic 
dysentery are generally confused.** As previously stated, it 
should be thoroughly realized that amebie hepatic involvement occurs 
in a relatively large number of patients who have never had a previous 
diarrhea. This is a particularly significant fact in the diagnostie con- 
sideration of amebic abscess of the liver and we have emphasized this 
repeatedly.277-?*% 28, 285, 287 An antecedent history of diarrhea was 
found in about 45 per cent of the series studied by Jayasuriya,'’* 
Peiris,*°* and Staffieri*** and in about 60 per cent of those analyzed by 
Manson-Bahr,?** Murray,?*** and Thurston.*** In a series of 966 cases 
collected from the literature only 561 (or 58 per cent) or a little more 
than one-half had a positive history of antecedent diarrhea*'® (Graph 
IX). In our series this incidence was 67.2 per cent and the diarrhea 
was a symptom at the time of admission to the hospital in only 25.4 
per cent (Graph IX). Thus, in from one-third to almost one-half the 
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Graph IX.—Incidence of history of diarrhea in amebic hepatic abscess. 


cases history of an antecedent diarrhea will not be obtained. This is 
explained on certain anatomicopathologie features of amebie infections. 
On the basis of clinical** 1°% 262, 371, 398 ag well as experimental*” 
observations it has been clearly established that amebic infection of the 
large bowel may exist in the absence of dysenteric manifestations. Such 
manifestations occur most commonly in rectal amebiasis but as stated 
above it has been shown by numerous observers that amebic lesions are 
encountered most frequently in the cecum and ascending colon. Thus, 
the probable explanation for the relatively high incidence of amebic 
hepatitis in the absence of an antecedent diarrhea is based, as previously 
presented by us,®” ?7* 787 on the frequency of localization of amebie in- 
fections to the right half of the colon and the respective differences in 
function of the right and left halves of the colon. Relatively slight in- 
fections limited to the sigmoid and rectum produce irritation and ex- 
cessive secretions of fluids with consequent dysenteric manifestations, 
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whereas similar lesions limited to the cecum and ascending colon do not 
cause diarrhea beeause the fluid is absorbed in its passage through the 
uninvolved and normally functioning left side of the colon. In com- 
plete accord with this explanation, Solier and Dejou**® recently reported 
a ease in which autopsy studies were made and which exemplified this 
concept. 

Probably the earliest and most constantly encountered local mani- 
festations of amebie hepatitis are pain and tenderness in the region of 
the liver. The frequency of localized pain and tenderness is revealed 
by the fact that various observers have reported its incidence in from 
75 to almost 100 per cent.*'® In our series these were the most constant 
manifestations having an incidence of 86.7 per cent (Graph VIII). 
Varying in character from a dull aching discomfort to a severe sharp 
pain it is usually located directly over the liver, although it may be most 
pronounced immediately below the right anterior costal margin, in the 
epigastrium, about the ninth interspace in the axillary line, or pos- 
teriorly over the twelfth rib. Not infrequently radiation to the shoulder, 
usually the right, is a prominent complaint and may be explained on 
the basis of diaphragmatic irritation. Its significance has been em- 
phasized by Manson-Bahr?** who found it present in 44.4 per cent on the 
right and in 4.4 per cent on the left. In the latter, abscesses of the left 
lobe were present. On the other hand shoulder pain was present in only 
about one-sixth of Manson’s?* series, one-fifth of Jayasuriya’s'** series, 
and about one-twentieth of Huard and Meyer-May’s series.1** Simi- 
larly, in our cases shoulder pain was recorded in 16.6 per cent. Lud- 
low*'® has described a sign which he considers of diagnostic significance 
and consists of a deep-seated pain produced by a sudden thrust of the 
end of the finger on the liver. The most common point at which this 
ean be elicited is about two inches below the right costal margin. 
Boecia** has observed subxiphoid tenderness (Castellani’s sign) as a sig- 
nificant manifestation in amebic hepatitis. 

The next most constant local manifestation of amebic hepatitis and 
hepatic abscess is enlargement of the liver. Whereas, it may not be 
obvious on physical examination, most experienced observers agree that 
a varying degree of hepatomegaly is almost invariably present. Differ- 
ent observers have reported incidence of hepatomegaly varying from 
64 to 100 per cent.?** 29 9°, 394, 493 Tn our series of 181 cases, the liver 
was clinically enlarged in 72.9 per cent (Graph VIII). Manifestations 
of liver enlargement are sometimes apparent by widening of the lower 
right intercostal spaces with some restriction of respiratory movement 
on this side and possibly some dilatation of the superficial veins. Usually 
the liver margin can be palpated below the right costal arch anteriorly 
and on percussion liver dullness will be found to extend higher than 
normal, especially in the mid- or posterior axillary line. Frequently 
tenderness and some rigidity of the abdominal muscles in the upper 
right quadrant can be elicited. Occasionally there may be observed in 
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this area a distinct localized bulging with redness and edema of the skin 
indicating involvement of the abdominal parietes.*°' Associated dia- 
phragmatie pleurisy and basal lung changes on the right side are not 
uncommon and are due not only to compression of the lower portion 
of the right lung but also to contiguous inflammatory involvement. Such 
disturbances are manifested by localized pain especially on deep inspira- 
tion, a hacking nonproductive cough, dullness, diminished breath sounds, 
crepitant rales, and a friction rub. In some there may be signs of fluid 
in the pleural cavity. Such signs occur with varying frequency and 
obviously depend upon the extent of hepatic involvement. Wijerama*** 
reported such findings in a third of the cases and Jayasuriya'’*® in 
slightly over one-half. 

Laboratory Findings—The most informative laboratory pro- 
cedures in amebie hepatitis and hepatic abscess are certain blood 
studies, stool examination, and roentgenography. Of the blood 
studies the leucocyte count is probably the most significant. Various 
observers®” 2%%) 277-279, 282-287, 328 have directed attention to the moderate 
leucocytosis in amebie hepatitis and hepatic abscess as contrasted with 
the pronounced leucocytosis occurring in the pyogenic forms. Moreover, 
in the former, characteristically there is not a concomitant increase in 
polymorphonuclear leucocytes. In their group of cases, Manson-Bahr 
and Willoughby?** found that the highest leucocyte count was 25,000, 
the lowest 7,500, and the average 15,000 with no eosinophilia. They also 
observed that the lowest counts were associated with the largest abscess 
cavities. In their series of 150 cases, Huard and Meyer-May'” 177 found 
the leucocyte count to be between 10,000 and 16,000 in one-half of the 
cases and between 8,000 and 10,000 in the other half. In his study of 
73 cases, Jayasuriya’ found the leucocyte count to vary between 10,000 
and 30,000 with an average polymorphonuclear percentage of 69. 
Wijerama*” recorded counts between 8,000 and 32,000 with an average 
of 12,000 and an average polymorphonuclear percentage of 72. These 
respective figures in the series studied by Palazuelos and Lerner?®? were 
2700, 29,000, 12,500, and 74.1 per cent. In our series these findings are 
summarized in Table I. Accordingly, it may be observed that variations 
in the leucocyte count apparently depend upon the chronicity of the 
process. Thus, while the average leucocyte count was 16,460 in the 
acute forms, it was somewhat less than 13,000 in the chronic type. It 
may be stated that in general as the lesion becomes more chronic the 
leucocyte count diminishes. Rogers*** has expressed the opinion that 
high leucocytosis indicates multiple abscesses and a bad prognosis. In 
our experience a pronounced leucocytosis usually indicates secondary 
bacterial invasion, an observation which Wright**® has also recently ob- 
served. This may be illustrated to some extent by the contrasting 
leucocyte counts in the amebie and pyogenic hepatic abscesses that we 
have studied.?** *** Thus, the average leucocyte count in acute pyogenie 
hepatic abscesses was found to be 26,924 whereas in amebie abscesses 
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TABLE I 


Bioop PICTURE IN AMEBIC HEPATIC ABSCESS* 


ACUTE CHRONIC TOTAL 


Leucocytes: 
Lowest . 7,500 2,000 2,000 
Highest 31,500 23,000 31,500 
Average 16,460 12,700 14,300 

Neutrophiles : 
Lowest 60% 59% 59% 
Highest 97% 95% 97% 
Average 79% 75% 78% 

Hemoglobin: 
Lowest 50% 30% 30% 
Highest 90% 90% 90% 
Average 72% 60% 66% 

Erythrocytes: 
Lowest 2,650,000 1,950,000 1,950,000 
Highest 4,975,000 4,800,000 4,975,000 
Average 3,872,000 3,490,000 3,670,000 


*Based on analysis of authors’ cases. 


the corresponding figure was 16,460. The eosinophile count in amebic 
hepatic abscess was not found significant. An associated secondary 
anemia is present in the majority of cases and is more pronounced in 
the chronic forms. Thus, the average hemoglobin percentage was 72 in 
the acute cases and 60 in the chronic, while the average erythrocyte 
count was 3,872,000 in the former and 3,490,000 in the latter. 

In 1927, Craig** demonstrated the presence of specific complement- 
fixing properties for EL. histolytica in the blood sera of persons harbor- 
ing this parasite and thus established the basis for the complement 
fixation test. Subsequent investigators*?® fully confirmed the meri- 
torious investigations of Craig.**-** *°-** The high degree of specificity 
that has been demonstrated with this test and the results that have been 
obtained clearly indicate its usefulness as a diagnostic laboratory pro- 
cedure in questionable cases of amebiasis and especially in amebie hepa- 
titis and hepatie abscess. The technique which is similar to the stand- 
ard complement fixation test for syphilis with appropriate modifications 
in the antigen has been described in a number of previous publica- 
tions.*??. Unfortunately, the difficulty experienced in obtaining a potent 
antigen has greatly hindered the routine use of this test in the clinical 
laboratory. Accordingly, as stated by Faust,’"’ ‘‘Until the preparation 
of E. histolytica antigen is simplified, it cannot become generally avail- 
able for the clinical laboratory.’’ 

Examination of the stools for the presence of amebae is another im- 
portant laboratory procedure although their incidence varies consider- 
ably according to different reports. Thus, Tao*® records their presence 
in the stools in 77.7 per cent of his cases, whereas Manson-Bahr?** found 
a positive incidence in only 4.4 per cent and Palazuelos and Lerner?®? 
in only 13.5 per cent. Chen and his associates** reported an incidence 
of 34.1 per cent and Wijerama,*’* 31.2 per cent. In a collected series*?? 
of 4,091 cases, amebae were reported present in the stools in 474 (or 
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11.6 per cent) and in our series of 107 cases in which the results of this 
examination were stated amebae were found in 39 (or 36.4 per cent) 
(Graph VI). As previously stated this incidence will undoubtedly be 
greatly influenced by the experience of the examiner, the technique em- 
ployed, and the repetition of examination in each case. 

Roentgenography is undoubtedly one of the most important and 
dependable diagnostic laboratory procedures in amebic hepatic abscess. 
Among the early investigators who recognized the significance of radio- 
logic examination in amebie hepatie abscess are Loison,?!? Quadrome,*!” 
Béclére,'” and others.** 14 187 210 Numerous observers have di- 
rected attention to the characteristic elevation and immobility of the 
diaphragm.®” 2°: Accordingly, it is important to perform fluoro- 
scopic examination of the patient in the upright position. Moreover, as 
emphasized by Pancoast,?® the presence of lung reaction is of diagnostic 
significance and when present usually indicates an amebic infection 
because these abscesses occur most frequently on the convex surface of 
the liver in close contact with the diaphragm. The inestimable value of 
certain characteristic roentgenologic changes in amebie hepatic abscess 
and subdiaphragmatic suppuration has been repeatedly stressed by 
Granger™* and by us.***-*5* In uneomplicated abscess of the liver, a 
distinct bulging of the diaphragm may be observed pointing upward 
into the lower lung field in both the anteroposterior (Figs. 2, 5, and 8) 
and lateral roentgenograms (Figs. 3, 6, 9, and 11). The presence of this 
picture is considered almost pathognomonic. Moreover, it is possible to 
distinguish subphrenie abscess complicating a liver abscess from that 
due to other causes. Thus, in the former there occurs characteristically 
an obliteration of the cardiophrenie angle in the anteroposterior roent- 
genogram (Figs. 2, 5, and 8), and obliteration of the anterior costo- 
phrenic angle in the lateral view (Figs. 3, 6, 9, and 11). On the other 
hand, in subphrenic abscess due to other causes obliteration of the 
costophrenie angle is present in the anteroposterior roentgenogram and 
the posterior costophrenic angle in the lateral view. Although abscesses 
of the left lobe of the liver occur relatively infrequently their presence 
has been difficult to demonstrate. For this reason the roentgenologic 
method described by Miles*** is of distinct value. He has shown that 
abscesses in this lobe produce characteristic pressure deformities on the 
barium-filled stomach. The cardia and duodenal cap are displaced and 
the lesser curvature assumes a typical crescentic shape. 

The inestimable value of roentgenography in the diagnosis of amebic 
hepatic abscess is clearly demonstrated by the reports of various ob- 
servers. <A positive diagnosis was obtained by Young and Bristow*”t in 
all of a series of 25 eases. Huard and Meyer-May'” reported a positive 
diagnosis in 80 per cent of 70 cases and Palazuelos and Lerner?®? in 69 
per cent of 74 cases. In our series, there were 150 cases in which roent- 
genologic studies were made with positive diagnosis in 132 (or 88 per 
cent). 


EA) 
(a 
AN 


486 SURGERY 


Modifications in technique, presumably as aids in the roentgenologic 
diagnosis of liver abscess, have been suggested by a number of observers. 
Some have advocated aspiration of pus from the abscess cavity and the 
introduction of an iodized oil followed by roentgenologic studies.*?* Ac- 
cordingly, the size, shape, and position of the abscess may be visualized 
better and its drainage and progress controlled more satisfactorily. In 
more recent communications a number of authors emphasize the value 
of this procedure.*** A slight modification of this technique consists of 
injecting air in addition to a small amount of lipiodol and taking roent- 
genograms with the patient in various positions.*’ *°° Chung and his 
co-workers’ believe that this permits better delineation of the abscess 
cavity. They studied 5 cases in this manner over a period of time and 
interpreted the continued presence of lipiodol in the liver for almost 
a year as indicating that the abscess had not yet completely healed. <Ac- 
cordingly they state that whereas the patient may appear clinically 
cured the loss of liver tissue consequent to the abscess is so great that 
it may require weeks or months to heal completely. Although this may 
be true, one wonders to what extent the presence of the lipiodol con- 
tributed to the prolongation of this period. Under these circumstances 
lipiodol is injected into a closed space and it is well known that lipiodol 
injected into a closed space in other parts of the body remains present 
for long periods of time. Sarmiento**’ has recently voiced his objection 
to this procedure on the basis that it is usually unnecessary and the pos- 
sibility of secondary infection may even be dangerous. Whereas under 
certain circumstances the procedure may be of diagnostic value, in our 
opinion it should not be employed routinely. Hepatography is still an- 
other method advocated and employed by some observers for visualiza- 
tion of the abscess.** *! #°* 4°? This is done by the intravenous adminis- 
tration of thorium dioxide and the abscess appears on the roentgeno- 
gram as a negative shadow. As previously emphasized, this procedure 
appears unjustified in view of the present state of insufficient knowledge 
regarding the end effects of thorium dioxide, particularly in a condition 
which otherwise can be so readily diagnosed.?** ?** 787 %31 Tn 1932, the 
Council on Pharmacy and Chemistry**? directed attention to the pos- 
sible deleterious effects of the intravenous administration of such a 
radioactive substance as thorium dioxide. Subsequently, the proclivity 
of this substance to produce damage to tissue was emphasized further 
by numerous clinical and experimental observations.'° 

Diagnosis—The diagnosis of amebie hepatitis and hepatic abscess is 
not difficult if the conditions are kept in mind and the clinical mani- 
festations and laboratory examinations accorded due consideration. An 
amebie hepatitis should always be considered in a patient presenting 
a low-grade daily remittent or intermittent fever, pain and tenderness 
over the liver area, moderate leucocytosis without a concomitant pro- 
portionate increase in polymorphonuclear leucocytes, and #. histolytica 
in the stools. Such a clinical picture during or shortly after an attack 
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of amebic dysentery more strongly indicates the presence of an amebic 
hepatitis. However, it should be realized that even in the absence of 
intestinal manifestations the condition should be considered, repeated 
stool examinations should be done, and every attempt made to confirm 
or exclude the diagnosis of amebic hepatitis. The significance of early 
recognition of this condition has been emphasized repeatedly and lies 
in the fact that the institution of appropriate therapy during this 
presuppurative stage may prevent progression to abscess forma- 
tion.13% 27%, 278, 285, 287, 329 This is clearly demonstrated by Case I re- 
ported herein. 

Whereas there is some variation in the clinical manifestations of 
amebie hepatic abscess depending upon the chronicity of the process, 
persistent hepatomegaly, pain and tenderness over the hepatie area with 
occasional radiation to the shoulder, and a daily remittent or intermit- 
tent fever of moderate degree are fairly constant manifestations. The 
presence of these symptoms and signs should always suggest the pos- 
sibility of an amebie hepatie abscess. Anorexia, loss of weight and 
strength, nausea and vomiting, profuse perspiration, and disturbed 
slumber are less constantly observed, but their presence lends further 
support to the diagnosis. The presence of an antecedent dysentery is 
confirmatory evidence but its absence is not refutatory. It will be re- 
called that from one-third to almost one-half the patients gave no his- 
tory of a previous dysentery. The diagnosis is supported further by 
a mild leucocytosis without a disproportionate increase in polymorpho- 
nuclear leucocytes. If, in addition to such a clinical picture, the char- 
acteristic fluoroscopic and roentgenologie findings previously deseribed 
are present, the diagnosis of amebie hepatic abscess is justified. The 
demonstration of active or encysted forms of F. histolytica is corrobora- 
tive evidence but their absence does not exclude the diagnosis. 

It must be realized, of course, that whereas these findings justify the 
diagnosis of amebie hepatic abscess, its establishment depends upon the 
demonstration of the characteristic chocolate sauce pus (Fig. 1). Herein 
lies the diagnostic importance of exploratory aspiration. However, the 
procedure should not be performed without thorough cognizance of its 
possible dangers. Of these the most important are (1) hemorrhage, and 
(2) extension of infection. Various investigators have directed atten- 
tion to the possibility of hemorrhage and have reported cases in which 
this dangerous complication followed exploratory aspiration of an 
amebie hepatic abscess.*?® Fatal hemorrhage occurred in over 20 of 
the reported cases according to Huard and Meyer-May;'** Hatch'®® 
and Rogers®** have emphasized the fact that this danger is greater in 
the acute stage of hepatitis with pronounced congestion of the liver. 
Accordingly, it may be almost entirely avoided by the administration of 
emetine for several days preceding the aspiration and thus controlling 
the associated hepatitis. As previously emphasized by us?** extension 
of infection is another danger which deserves special consideration. 
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Since it is not always possible to determine clinically whether an amebic 
hepatic abscess is sterile or contains pyogenic organisms, the latter pos- 
sibility should always be assumed and the aspiration performed in such 
a manner that an uninvolved portion of the peritoneum or the pleural 
cavity is not traversed by the aspirating needle. Obviously this is not 
always possible but the consideration should be kept in mind during the 
attempted aspiration. It should be realized, also, that this is not as 
difficult in the presence of an enlarged liver containing an abscess as 
under normal conditions, for in the former the anatomic relationships 
have been changed. 

These hazardous possibilities, hemorrhage and extension of infection, 
may be avoided largely by preaspiration emetine therapy, the type of 
needle employed, the technique of aspiration, and the performance of 
the procedure in the operating room under absolutely aseptie pre- 
cautions. Emetine hydrochloride should be administered for at least 
two to four days prior to aspiration in one grain (0.06 Gm.) doses daily. 
By employing a needle not longer than 10 em. with a ealibre not greater 
than 2 mm. the danger of puncturing a large vessel is minimized.'** ?!* ?°° 
We prefer a short beveled needle or a trocar type with a short, fairly 
blunt point. The procedure should always be performed in the operating 
room, first, because aseptic precautions are likely to be greater and 
second, because if the abscess is found to be secondarily infected open 
drainage can be done immediately. This latter possibility can be readily 
determined by an immediate smear of the aspirated pus which will re- 
veal upon microscopic examination the presence of large numbers of 
bacteria and leucocytes in those cases in which secondary infection is 
present. Whereas general anesthesia can be employed, local infiltration 
analgesia using 1 per cent procaine hydrochloride solution is preferable. 
Nicking the skin at the contemplated site of puncture with a bistoury 
will facilitate insertion of the needle. 

The cutaneous site of puncture and the direction of the introduction 
of the needle depend largely upon the clinical and radiologic findings. 
Accordingly, in the presence of localizing signs and pointing of the 
abscess, the needle should be introduced directly over the mass or at the 
site of greatest tenderness. However, if no localizing signs are present, 
the roentgenograms may be of guiding significance. Thus, in a case in 
which the lateral roentgenogram demonstrates the abscess in the anterior 
portion of the liver, the needle may be inserted just below the anterior 
costal margin about 4 to 6 em. lateral to the midline and directed 
superiorly and posteriorly (Fig. 22). On the other hand, if the lateral 
roentgenogram reveals posterior localization of the abscess, the needle 
should be introduced below the costophreniec angle and directed 
superiorly and anteriorly (Fig. 23). However, in those cases in which 
the abscess is located more anteriorly near the dome of the liver, as oe- 
curs most frequently, avoidance of the pleural and peritoneal cavities 
may be accomplished best by inserting the needle in the ninth or tenth 
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intercostal spaces in the anterior axillary line and directing it superiorly, 
medially, and slightly posteriorly (Fig. 24). Occasionally it may be 
necessary to puncture the liver in several different directions before pus 
is encountered. Accordingly, if multiple punctures are necessary it 
is extremely important to remove the needle entirely before reintro- 
ducing it in a different direction rather than changing its direction 
while the needle is still at its original site. In this way extensive injury 
to the friable liver parenchyma may be prevented. 

Prognosis: A number of factors influence the prognosis in amebic 
hepatitis and hepatic abscess. In addition to the relative number and 
virulence of the parasite and the resistance of the host, the most im- 
portant factors are: (1) the multiplicity of lesions in the liver; (2) 
the presence or absence of complications; (3) the presence or absence 
of secondary infection; and (4) the type of therapy employed. 
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Graph X.—Mortality incidence of amebic hepatic abscess according to multiplicity 
of lesions in 140 cases of authors. 


That multiple abscesses increase the gravity of the condition has been 
shown by a number of observers. Sambuc*** found that the mortality 
was 23 per cent in cases with single abscess, 45 per cent in those having 
two abscesses, 90 per cent with three abscesses, and 100 per cent in pa- 
tients having more than three abscesses. Of 137 cases with single ab- 
seess, analyzed by Huard and Meyer-May,'** 23 (or 16.7 per cent) died, 
and in 13 cases with multiple abscesses the mortality was 100 per cent. 
Of 45 collected cases of multiple abscesses and recurrences Huard*’® 
found that the mortality was 44.4 per cent. Similar analyses in our 
series demonstrate further the prognostic significance of multiplicity 
of lesions. Thus, the mortality in 16 cases with multiple abscess was 100 
per cent, whereas in 124 cases with single abscesses it was only 10.5 per 
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cent (Graph X). Of interest in this connection is the statement of 
Craig® that, ‘‘it is doubtful if the mortality of amebic abscess of the 
liver is ever less than 25 to 30 per cent if multiple abscess eases are in- 
cluded... .”’ 

It is also to be expected that the presence of complications would in- 
fluence materially the prognosis of amebic hepatic abscess. This is 
clearly demonstrated by the reports of various observers and the results 
obtained in our series. According to Huard and Mever-May'* the mor- 
tality in a series of 46 cases with complications was 34.7 per cent, 
whereas in a group of 104 cases without complications it was 19.2 per 
cent. This difference is even more pronounced in our series as the mor- 
tality in 39 cases with complications was 41 per cent in contrast with 
141 cases without complications in which the mortality was 8.5 per cent 
(Graph XI). 
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Graph XI.—Mortality incidence of amebic hepatic abscess according to presence or 
absence of complications in 180 cases of authors. 


Graph XII.—Respective mortality incidences in amebic and pyogenic hepatic abscesses 
based upon 228 cases of authors, 


The fact, demonstrated above, that the majority of amebic hepatic 
abscesses are sterile is extremely significant in the prognostic as well as 
the therapeutic consideration of the condition. “As emphasized pre- 
viously, its decisive importance is insufficiently realized. After an 
amebie hepatic abscess becomes secondarily infected it can no longer 
be considered an amebic lesion but prognostically and therapeutically 
must be regarded as a pyogenic process. The invasive pathogenic and 
toxie characteristics of pyogenic microorganisms differ considerably 
from the relatively benign and limiting features of the purely amebic 
lesion of the liver. The contrasting mortality rates in the two conditions 
emphasize this fact with striking clarity. Thus, in a previously reported 
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series of 47 cases of pyogenic hepatic abscess the mortality was 72.3 per 
cent, whereas in this series of 181 cases of amebie hepatic abscess the 
mortality is 16 per cent (Graph XII). As previously stated, the dele- 
terious effects of secondary infection of a sterile amebic abscess may be 
better realized if the analogy is made to the similar morbiferous change 
which occurs in a tuberculous abscess that becomes secondarily in- 
fected.2** °° It is a well-established fact that the secondary infection 
of a tuberculous process greatly increases the gravity of the prognosis. 
For these reasons it is obvious that the avoidance of secondary infection 
in amebic hepatic abscess is paramount. Accordingly the type of 
therapy assumes increasing significance. In spite of meticulous care 
and scrupulous precautions to avoid it, secondary infection invariably 
follows open drainage of an abscess which is relatively sterile. Only by 


43.1% 


Number of deaths 
Number of cases 


oO 
o>) 
oa 


rm 
& 


Open Operation Emetine and aspiration 


Graph XIII.—Mortality in amebic hepatic abscess according to type of therapy. 


closed drainage, i.e., aspiration, is it possible to evacuate the abscess and 
simultaneously maintain its sterility. The striking contrast in the mor- 
tality rates obtained by various investigators who have employed the 
two methods of therapy irrefutably demonstrates this fact. Approxi- 
mately 20 years ago, Rogers**® made the observation that the mortality 
was decreased from 56.8 per cent in cases having open drainage to 14 
per cent in those treated with closed drainage. Similarly, Chatterji°® 
was able to reduce the mortality from 26 per cent in 69 cases with open 
drainage to 1.6 per cent in 186 cases with closed drainage. This is 
demonstrated more forcefully by the results in a large series of cases 
collected from various parts of the world. Thus, in a collected series of 
over 5000 cases the mortality was 43.1 per cent in those treated with 
open drainage,’”® and 5.6 per cent in those receiving closed drainage*?* 
(Graph XIII). These corresponding figures in our series were 22.1 per 
cent and 3.6 per cent (Graph XIII). Of even greater significance in 
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this connection is the consistent decrease in the total mortality rates in 
our cases during the three periods studied. This is undoubtedly due 
in great measure to the increasing employment of ‘closed drainage. Thus, 
in the first series of 73 cases studied, the incidence of closed drainage 
was 28.7 per cent and the total mortality was 17.8 per cent ; in the second 
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Graph XIV.—Respective mortality incidences in authors’ three series of amebic 
hepatic abscess as compared to incidence of employing conservative therapy. Graph 
shows that mortality decreases as incidence of employing conservative therapy in- 
creases. 
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Graph XV.—Relative mortality incidence in amebic hepatic abscess according to type 
of operation in 81 cases of authors. 


series of 66 cases these respective figures were 50 per cent and 13.6 per 
cent; and in the present series of 42 cases these corresponding incidences 
were 73.8 per cent and 7.8 per cent (Graph XIV). It may be graphi- 
cally observed, therefore, that as the incidence of employing conservative 
therapy increases the mortality decreases (Graph XIV). 
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The prognosis of amebic hepatic abscess is also influenced by the type 
of operation employed in those cases in which open drainage is indicated. 
Since these cases are secondarily infected the contents of the abscess 
must be considered pyogenic. Accordingly, the institution of that type 
of drainage which completely avoids the slightest possibility of contami- 
nation of the two virgin serous cavities, the pleural and the peritoneal, 
becomes an absolute desideratum. As we have emphasized in previous 
communications,?** ?**-*5* it is obvious that if an uninvolved serous 
cavity is in jeopardy of contamination by the type of drainage used 
the prognosis is much worse, not only regarding subsequent morbidity 
but also regarding life. The results obtained in our series of cases in 
which open drainage was used demonstrate these facts with graphic 
clarity. Thus, the mortality in 24 cases with transpleural drainage was 
33.3 per cent and in 23 cases with transperitoneal 30.4 per cent, whereas 
in 15 eases drained by the extraserous route the mortality was only 6.6 
per cent (Graph XV). There were 19 cases drained by simple incision 
over the abscess with a mortality of 10.5 per cent (Graph XV). Since 
these abscesses had become attached to the parietes and thus sealed off 
the serous cavities, drainage in these cases might also be considered 
extraserous. Accordingly, the total mortality in those having extra- 
serous drainage would be 8.8 per cent contrasted with 31.9 per cent in 
those drained transserously. 


(To be concluded in the April issue. The references will accompany the last section.) 
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Book Reviews 


Surgery of the Heart. By E. S. J. King, M.D., F.R.C.S., Major, A. A. M. C., 
University of Melbourne. Ed. 1. Pp. 728, illustrations 268. Baltimore, 1941, 
Williams & Wilkins Company. $13.50. 


This monograph, fathered by a surgeon, is in many respects an unusual book. 
It essays to deal with surgical disorders of the heart from the standpoint of 
radiologic, clinical and electrocardiographic diagnosis, as well as surgical treat- 
ment. That obviously is an ambitious undertaking. Yet, the author has done this 
difficult task in a surprisingly effective manner. 

The title of the book may suggest that the book was intended primarily for 
the surgeon. Such, however, is not the case, for the treatment of the subject matter 
from the technical, operative point of view is by no means exhaustive. It is not 
a book on operative surgery of the heart, though the essential features of operative 
procedures are described. The book is described best, probably, as a pathologic 
and clinical treatise on those diseases of the heart in which surgical treatment 
may play a useful role. A number of unusual conditions, such as tumors of the 
heart and cysts of the pericardium, are described. Yet the book fails to describe 
the surgery of patent ductus arteriosus or of peripheral arteriovenous communi- 
eation which may provoke heart failure. 

There is much to commend in the monograph. Those interested in the surgery 
of the heart will find the book an extremely useful source book. 


Textbook of General Surgery. By Warren H. Cole, M.D., F.A.C.S., professor and 
head of department of surgery, University of Illinois, and Robert Elman, M.D., 
Washington University, St. Louis. Ed. 3. Pp. 1067, illustrations 558. New 
York, 1941, D. Appleton-Century Company, Inc. $8. 


This general text on surgery has come to occupy an important place amongst text- 
books of surgery. In this, the third edition, the authors invited well-known surgical 
authorities in their respective fields of interest to review the subject matter. Un- 
doubtedly the authors got from these consulting collaborators a number of worth- 
while suggestions which have pyramided the value of the text. The monograph 
embraces the entire province of surgery. The only surgical specialties which receive 
no notice in the book are those concerned with diseases of the eye, ear, nose, and 
throat. 

The text is well illustrated and appropriate bibliographic references accompany 
each chapter. The authors, both teachers of surgery, obviously have lent a good 
deal of thought, time, and effort to compose a text which would be useful as a 
reference work for the general practitioner and, at the same time, meet the needs 
of the undergraduate student of surgery. Anyone who peruses the text carefully 
will agree that the authors have given American surgery one of its best general texts 
in the field. 
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of being acquainted with the various types 
of fixation available and selecting the method 
best adapted to the case under consideration. 
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shock and hemorrhage. The section in this 
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Among the Contributors Are: 


Fred L. Adair Nicholson J. Eastman Edward Allen 


Aura E. Severinghaus Herbert E. Schmitz Robert D. Mussey 
Robert Latou Dickinson E. D. Plass J. P. Greenhill 
G. D. Royston I. C. Rubin E. G. Waters 
Carl G. Hartman Abner I. Weisman Harry W. Mayes 
R. S. Siddall David S. Hillis Alan F. Guttmacher 
John L. Parks Lewis C. Scheffey Philip Levine 
Alex E. Brown A. W. Diddle A. N. Arneson 
; E. Granville Crabtree James R. Reinberger Sidney O. Levinson 
Curtis J. Lund Lyman W. Mason Paul F. Fletcher 


and over sixty others 


Almost every important teaching institution represented. 


\| Obstetrics, Gynecology, Obstetrical Hospital Management, Obstetrical 
Nursing, Public Health and Social Service Aspects. 


A complete correlated refresher course absolutely up to date. 


Price, $5.50 


PUBLISHED BY THE WESTERN JOURNAL OF SURGERY PUBLISHING COMPANY, 
PORTLAND, OREGON, FOR THE AMERICAN CONGRESS ON OBSTETRICS 
AND GYNECOLOGY 


To: 3-45 


THE AMERICAN CONGRESS ON OBSTETRICS AND GYNECOLOGY 
650 Rush Street 
Chicago, Illinois 


Please place my order for one copy of the 1942 Transactions, at $5.50 per volume, for which 
check is enclosed (or) you may bill me when volume is shipped. 
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Up-To-Date Books For Surgeons 


@ SURGERY OF PANCREATIC TUMORS—by Alexander Brunschwig. 421 
pages, 123 illustrations, 1 color plate. PRICE, $7.50. 


@ ESSENTIALS OF GENERAL SURGERY—by Wallace P. Ritchie. 813 
pages, 237 illustrations. PRICE, $8.50. 


@ SYNOPSIS OF OPERATIVE SURGERY—by H. E. Mobley. 375 pages, 
339 illustrations. PRICE, $5.00. 


@ SYNOPSIS OF THE PREPARATION AND AFTERCARE OF SURGI- 
CAL PATIENTS—by Hugh C. Ilgenfritz and Rawley M. Penick. With a 
foreword by Urban Maes. 532 pages, 55 illustrations. PRICE, $5.50. 


@ THE BLOOD BANK AND TECHNIQUE AND THERAPEUTICS OF 
TRANSFUSIONS—by Robert A. Kilduffe and Michael DeBakey. 558 pages, 
214 illustrations, 1 color plate. PRICE, $7.50. 


@ SURGICAL TREATMENT OF HAND AND FOREARM INFECTIONS 
—by A. C. J. Brickel. 300 pages, 166 text illustrations, 35 plates including 10 
in color. PRICE, $7.50. 


@ OPERATIVE GYNECOLOGY—by Harry Sturgeon Crossen. 5th edition. 
1076 pages, 1262 illustrations. PRICE, $12.50. 


@ FRACTURES, DISLOCATIONS AND SPRAINS—by J. Albert Key and 
H. Earle Conwell. Third Edition. 1278 pages, 1259 illustrations. PRICE, 
$12.50. 


@ OPERATIVE ORTHOPEDICS—by Willis C. Campbell. 1154 pages, 845 
illustrations, 4 color plates. PRICE, $12.50. 


@ TRAUMATIC SURGERY OF THE JAWS—by Kurt H. Thoma. 315 pages, 
282 illustrations. PRICE, $6.00. 


@ SYNOPSIS OF TRAUMATIC INJURIES OF THE FACE AND JAWS— 
by Douglas B. Parker. 328 pages, 226 illustrations. PRICE, $4.50. 


@ HANDBOOK OF ORTHOPEDIC SURGERY—by Alfred R. Shands, Jr. 
Second Edition. 567 pages, 154 illustrations. PRICE, $4.25. 


@ THE NORMAL AND PATHOLOGICAL PHYSIOLOGY OF BONE—by 
R. Leriche and A. Policard, France. 235 pages, 33 illustrations. PRICE, $5.00. 


@ FRACTURES OF THE JAWS AND OTHER FACIAL BONES—by Glenn 
Major. 446 pages, 225 illustrations. PRICE, $7.50. 


The C. V. Mosby Company — Publishers — St. Louis, Mo. 
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Over 100 New 
Illustrations 


A Timely Chapter 
On War Wounds 


Reviewers Say: 


“It is easily one of the best text- 
books that has appeared in this dif- 
ficult field of surgery.” SOUTH- 
ERN MEDICAL JOURNAL. 
“Without question this is the best 
of contemporary works on fractures 
and dislocations. It should have 
a primary place in every practicing 
physician's library.” WISCONSIN 
MEDICAL JOURNAL. 


THE C. V. MOSBY COMPA 


FRACTURES, DISLOCATIONS 


SURGERY 


Key & Conwell’s 
Up-to-the- Minute 
New Third (1942) Edition 


AND SPRAINS 


By JOHN ALBERT KEY, B.S., M.D., Clinical Professor of 
Orthopedic Surgery, Washington University School of Medi- 
cine, St. Louis; and H. EARLE CONWELL, M.D., F.A.C.S., 
Consulting Orthopedic Surgeon to the Tennessee Coal, Iron & 
512.60 Company. 1278 pages, 1259 illustrations. PRICE, 
12.50. 


Coming from the press at a time when industrial condi- 
tions and the war make a sharp rise in traumatic in- 
juries inevitable, the new Third Edition of Key-Conwell’s 
“FRACTURES, DISLOCATIONS AND _ SPRAINS” 
meets an urgent need. 


So much new material, so many new illustrations have 
been added, so thorough has been the revision, that this 
Third Edition is in reality a new book. 


The chapter on Compound Fractures in line with the 
present interest in Chemotherapy, has been brought com- 
pletely up to date and a section on War Wounds and 
War Surgery added. Dr. James Barrett Brown has re- 
vised his chapter on Fractures of the Jaws and Related 
Bones of the Face extensively, presenting new technics 
of treatment. Dr. Edgard F. Fincher handled the chap- 
ter on Skull Fractures and Brain Injuries, adding line 
drawings and radiographic prints. 


More than 100 brand new illustrations have been sub- 
stituted or added. Key and Conwell’s illustrations are 
one of the most valuable features of the text, for they 
SHOW YOU HOW tc treat fractures, dislocations and 


sprains by means of clearly detailed photographs, sketches 
and roentgenograms. 


NY MJ 


3525 Pine Blvd., St. Louis, Mo. 


Gentlemen: Send me “FR 


-._._ Attached is my check. 


Address 


ACTURES, DISLOCATIONS & SPRAINS,” price, $12.50 


_... Charge my account, 


‘ 
AND. 
K 
ND. 
’ 
Tie 
| 
| 
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CANCER of the FACE and MUUTH 


By VILRAY P. BLAIR, M.D., SHERWOOD MOORE, M.D., and 
LOUIS T. BYARS, M.D., St. Louis. 


600 pages, profusely illustrated. PRICE, cloth, $10.00. 


This volume is presented with the hope that a concise résumé of the observa- 
tions made during the past twenty years on something over 1500 per- 
sonally treated cases of epithelial malignancy arising in or about the face 
and mouth will be of some help, when help is most needed, to the men who 
first see these cases and who bear the great responsibility of deciding what 
shall be done at a time when it is most likely that something worth while 
can be done. 


The volume is really a systematic review of the personal experience of the 
authors in the treatment of the cases discussed. The cases include those 
treated in the last twenty-five years, some by surgery alone, some by radia- 
tion alone, and some by a combination of radiation and surgery in close 
co-operation of the authors. The photographs were selected individually 
to demonstrate specific points of interest and each is discussed in the text. 
In addition there are zine-lined etchings which clearly demonstrate points 
of technie. 


THE C. V. MOSBY COMPANY—Publishers—St. Louis, Mo. 


Emergency Medical Field Set | 


For Use by Physicians in Potential Target Areas 


Help Us To Buy One 
For the Protection of Your Community 
Every Dollar Counts 


Medical and Surgical Relief Committee of America 
420 Lexington Avenue New York, N. Y. 
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INDEX TO ADVERTISERS 


Please mention “SURGERY” when writing to 
our advertisers—It identifies you 


Articles to Appear in Early, Issues 


Ciba Pharmaceutical Products, Ine. 


Davis & Geck, Ine. (Sutures) ~----~- 3 
Elms Hotel (Excelsior Springs, Mo.) 16 


Gilmer Company, The (Journal 


Hoffmann-La Roche, Inc. (Synkay- 


Lilly and Company, Eli ~---------- 12 


Lippincott Company, J. B. (Surgical 


Majestic Hotel (Hot Springs, Ark.) 16 


Medical and Surgical Relief Commit- 


Merrell Company, The Wm. §&. 


National Drug Company, The (Allan- 


O’Leary, Ine., Lydia (Covermark) 


Squibb & Sons, E. R. (Vitamin C)_- 11 


Suckert Loose Leaf Cover Co. (Jour- 


Wallace & Tiernan Products, Ine. 


Western Journal of Surgery Publish- 


All possible care is exercised in the preparation of this index. The publishers are not 
responsible for any errors or omissions. 


OUR MEN NEED 
* BOOKS * 


ALL YOU CAN SPARE 


Help a man in uniform enjoy 
his leisure hours. Give your 
good books to the 1943 VIC- 
TORY BOOK CAMPAIGN. 
Leave them at the nearest 
collection center or public 
library. 


Make a Real 
REFERENCE BOOK 
OF YOUR JOURNAL 


File each copy as soon as received so it 
will be instantly available when you want 
to refer to a recent article. We have 
secured what we believe to be the best 
binder made for this purpose. It is light, 
easy to operate, and handsome, and 
opens perfectly flat for easy reference. 


Binder to hold 1 volume (6 issues) 
PRICE, $2.00 


Binder to hold 2 volumes (12 issues— 
1 year) PRICE, $2.50 


(Specify one you wish sent) 


PRODUCED BY 


Individual name or date and volume 
number will be stamped in gold on back 
of each binder for 50c. Sent postpaid on 
receipt of check or money order, with a 
guarantee that if you are not more than 
satisfied, your money will be refunded. 

Be sure to state that the binder is in- 

tended for use with this journal, 


Address The Gilmer Binder 
307 New Street, Philadelphia, Pa. 
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Articles to appear in early issues of 


SURGERY 


CHEMOTHERAPY IN PENETRATING ABDOMINAL GUNSHOT WOUNDS. 
By Frank L. Loria, M.D., F.A.C.S., New Orleans, La. 
CONSIDERATION OF THE FACTORS INFLUENCING THE SURGICAL REPAIR OF INGUINAL HERNIA. 
By Howard Lavender, M.D., F.A.C.8., Kalamazoo, Mich. 
Tur UTHIZATION OF ENCEPHALOMYOPEXY IN SELECTED CASES OF POSTTRAUMATIC FOCAL 
EPILEPSY. 
By Joseph H. Siris, M.D., Brooklyn, N. Y. 
CARCINOMA METASTASES IN APPENDICES EPIPLOICAE. 
By R. K. Gilehrist, M.D., and Vernon C. David, M.D., Chieago, Tl. 
Fascia LATA TRANSPLANT FOR DIFFICULT HERNIAS. 
By Alfred H. Iason, M.D., Brooklyn, N. Y. 


INTESTINAL CAPILLARY CIRCULATION DURING DISTENTION. 
By Morton J. Oppenheimer, M.D., Philadelphia, Pa., and Frank C. Mann, M.D., 
Rochester, Minn. 


HEMANGIOPERICYTOMA OF THE OMENTUM., 
3v Arthur Purdy Stout, M.D., New York, N. Y., and Chester Cassel, B.S., Miami, 
Fla. 


FREE AUTOPLASTIC TRANSPLANTS OF FASCIA LATA IN THE REPAIR OF LARGE INCISIONAL 
HERNIA. 
By Louis J. Morse, M.D., F.A.C.S., Richmond Hill, N. Y., and Jacob 8. Bard, 
M.D., Brooklyn, N. Y. 


A CONSIDERATION OF EMPYEMA: ESPECIALLY ITS CHRONIC PHASE. 
By J. E. Strode, M.D., F.A.C.S., Honolulu, Hawaii. 


EARLY AND LATE TOPICAL USE OF SULFATHIAZOLE IN INFECTED WOUNDS. 
By Leander William Riba, M.D., and William G. Aten, Chicago, Ill. 


THE MICROSCOPIC DIAGNOSIS OF RADIOPAQUE SUBSTANCE IN THE VERMIFORM APPENDIX. 
By 8. Sanes, M.D., and John Ambrusko, M.D., Buffalo, N. Y. 


A METHOD oF RECONSTRUCTING THE SPHINCTERIC MECHANISM IN ANAL INCONTINENCE. 
John F. Ruzic, M.D., F.A.C.S., Richard L. Voller, M.D., Charles L. Janda, M.D., 
and D. 8. DiCiro, M.D., Chicago, Il. ¢ 


CHRONIC PARTIAL INTESTINAL OBSTRUCTION DUE TO INTUSSUSCEPTION OF AN APPENDIX 
EPIPLOICA. 
By Maurice S. Harte, M.D., New York, N. Y. 


THE MurpHy BUTTON IN ESOPHAGOGASTROSTOMY. 
By Laurence Miscall, M.D., and Bliss B. Clark, M.D., New York, N. Y. 


A NEw PROCEDURE FOR HIGH-FREQUENCY COAGULATION. 
By Ruben R. Flores, M.D., Puebla, Mexico. 


THE PROBLEMS OF INFANTILE PYLORIC STENOSIS WITH PARTICULAR REFERENCE TO 
SURGICAL TREATMENT. 
By D. Emerick Szilagvi, M.D., and Arthur B. MeGraw, M.D., Detroit, Mich. 
A Srupy OF THE PHYSICAL FACTORS CONCERNED IN INFLAMMATION. II. SoME Factors 


WHICH INFLUENCE THE SPREAD OF BACTERIA IN TISSUES. 
By Carroll J. Bellis, M.D., Ph.D., Springfield, Mo. 
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